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CONTRACT NO. DA 12 108 405 CML 735
FINAL REPC..T
4/1/60 = 12/31/62

I. METHYLENEDIOXY~AMPHETAMINE HALLUCINOGENIC SERIES OF COMPOUNDS

There was submitted about 10 grams each of the salts of four
3,4-methylenedioxy-amphetamine derivatives to the Directorate of
Medical Research, Army Chemical Center. Preliminary animal work on
toxicity and relative motor activity had been carried out on these
compounds; further animal work and studies of their relative hallu-
cinogenic activity in man was to be the responsibility of the Direct~
orate of Medical Research. A short summary of some animal work
(behavioral studies in cats) was presented to us by Dr. David MeCurdy,
our project officer, in July 1961 and no further report was received
on these compounds from the Director of Medical Research.

It was hoped that another small, closely related series of
compounds, whose potency for producing certain behavioral and elec-
trophysiological changes in experimentel animels has been investigated
by us, would also have been valuated by the Army Chemical Center for
their hallucinogenic ac£ivity in man. This goal failed of any notable

achievement.

II. CONDITIONED BEHAVIOR AND ELECTROENCEPHALOGRAPHIC TEST METHODS

A behavioral study on the effects of a selected series of four
substituted amphetemine derivatives on conditioned avoidance in the
mouse was carried out. Mescaline and amphetamine were used as the

comparison test substances.
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The apparatus used and the results of our studies are detailed
in the attached copy of the Ph.D. thesis of M. D. Fairchild.

In summary, the results obtained indicated that 3,4,5-trimethoxy-
amphetamine (TMA) and 3,4-methylenedioxy-amphetamine (MDA) were the most
‘potent amphetamine derivatives for disrupting avoidance behavior in the
mouse. The compound 3,4-dimethoxy-amphetamine (DMA) was the least
potent while 3,4~methylenedioxy-5-methoxy-amphetamine (MMDA) appeared
to be intermediate between DMA and the more active MDA and TMA. Mes-
caline had a potency comparable to DMA while amphetamine itself ranked
with MDA and TMA.

Prior to our entering into a contract with the Army Chemical
Center to study the four substituted amphetamine derivatives, a pre-
liminary study of their activity on transcallosal conduction in the
cat, under the certain defined experimental conditions of Marrazzi and
Hart, was carried out. These investigators considered such valuations
to be related to the hallucinogenic activity of mescaline, LSD, and
certain tryptamine-like compounds. As detailed in the attached copy
of the Ph.D. thesis of M. D. Fairchild, there appeared to be marked
variations in the ordgr of the effects of the substituted amphetamine
derivatives on transcallosal conduction and in the order of their
hallucinogenic activity in men. However, their relative capacity for
inhibiting ongoing spontaneous electrical activity in the brain of
this anesthetized cat preparation apparently did have some correlation
to their hallucinogenic potency in man.

Because of the possibility that changes produced by the test
compounds in the spontaneous brain electrical activity of the cat

might relate to their capecity for producing hallucinations in men, an
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investigation was undertzken into their effects on thz unanesthetized
and unrestrained animal with chronically implanted recording electrodes.
The compounds were found to produce a characteristic hypersynchronous
bursting pattern in this preparation and the study of such activity
made up the main substance of our investigation of Electroencephalo-
graphic Test Methods under our contract.

The development of an 8-channel frequency analyzer was under-
taken in an attempt to quantify the amount of hypersynchronous burst-
ing activity produced by various doses of the test compounds. The
details of the completed apparatus are given in the Ph.D. thesis
attached. We were successful in obtaining semi-quantitative results
which indicated that MDA and TMA were the most potent compounds in
the series. DMA was found to be the least potent and MMDA occupied a
position midway between the least and most active compounds. The
activities of mescaline and DMA were of a similar order while ampheta-
mine did not produce hypersynchronous bursting in the electroencephalo-
gram of the conscious cat. This order of activity is approximately
similar to that found in man for producing hallucinations and there-
fore the method holds'some promise as a potential tool for investigating
in experimental animals certain compounds which have psychotropic
actions in man.

No attempt was made during these investigations to generalize
the information beyond the results obtained with the six test compounds.
However, it would be of interest to ascertain whether other series of
"hallucinogenic" agents are capable of producing hypersynchronous
bursting activity in the brain of the conscious cat ard wi.cther the

he 8Crios wWeuld be ordered

quantitative acpects betwecn the menters ¢
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in a fashion similar to that found in man. Another interest would be
to test the effects of "tranquillizing" agents on th:~> hypersynchronous
bursting activity. Such experiments would be necessary before the
method outlined in this work could be thought to have a more general

usefulness as a psychopharmacological tool.
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ABSTRACT OF THZ DISSERTATION

Some Ceriral Nervous System Effects of Four
Phenyl-Substituted Amphetemine
Derivatives
by
Mahlon David Fairchild

Universiiy of California, Los Angeles, 1963

Professor in Residence, Gordon A. Alles, Chairaman

Azong thoe numercus natural end synthetic chemicels which ef-
fect tha central nervous system there exists a group of compoundé |
distinguished by their ability to produce hallucinations in man.
Certain similarities betwesen tie mental state induced by these drugs
and that existing in some forms of endogenous psychoses has inter-
ested medical investigatiors.

Because ¢f the subjective nature of their effects the so-call=
ed "hallucinogenic" agenis have largely been investigated using man
as the experimental subjeci. The present work represents an attempt
to employ sub-human species in the study of a series of hallucino-
genic compounds. Expirical correlations wersa sought between the po-
tency of the test compounds for producing certain behavioral and
neurophysiological changes in mice and cats and their known potency
for eliciting hallucinallons ia nman.

The test compounds consistied of the following saries of-
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paenyl-sudstituled amphetemine derivatives: DL=3,4,5-trimcthoxy=
phenisopropylamine hydrochloride {TMA); DL-3,/-mothylenedioxy-phen=
isopropylanine hydrochloride (MDA); DL-3,4-dimethoxy-phenisopropyla=
rine hydrochloride (DMA) and DL-3, 4-meihylenedioxy-5-methoxy-phen=
.isopropylamine hydrochloride (}DA). They were compared to two
related standard compounds: 3,4,5-trimethoxy-phencthylamine sulfate
hydrate (mescaline) and DL-phenisopropylamine sulfate (amphetamine).

ong tue amphevcrine derivatives THA and MOA ere the most

7]

slliucinczoaic gzeats in man; DMA is the least potent. No

85

sotent
. @irect information is available concerning the hellucinatory effects
of MDA alihough estimation of acliviily froa sub-ballucinatory doses
wouid place it botween the most and least active compounds, With
regard to the related standard compounds, mescaline has a potency
cozparable to DMA while axphetazine is not regarded as a hallucino=-
genic ageni. .

The potency o ths lest coxpounds for innibiting a trans-
callosal evoxed potential in the brain of anesthetized cats had no
correlation to their hallucinogenie activity in man.

The ability of mescaline and the amphetamine derivatives to
cause a rapid extinction of a conditioned avoidance response in mice
8id correlate with their hallucinogenic potency. However, axzpheta=-
minse, which is not a hallucinogenic agent, produced the same effect.

Mescaline and the amphetamine derivatives, but not amphetamine
itsell, elicitcd a characteristic hypersyncaronous bursting activity

in tho clectrozrephic secordings from the cortcx and various deep



structures within the brain ¢’ the conscious cat. A quantification

of tho frequency analysis from the dorsal hippocampus revealed that

the potency of the test compounds for producing this response corfe-
lated well with their hallucinogenic activity in man.

Suggestions are made for fulure research in these areas.



INTRODUCTION

Among the natural and synthetic chemical compounds ingested
by man in the course of history 'there exists an array of substances‘
vhich are distinguished by their ability to alter his mental state.
Such centrally active compounds include a group of drugs, the hallu-
-cinogens, which are able to pr&duce changes in mental functions that
resemble the endogenéus psychotic states and have caﬁtured the inter-
est of growing numbers of medical investigators. The reason for this
interest is fairly obvious. Psychosis, in its many forms, is one of
man's most grievous nfflictions and yet its etiology is essentially
‘unknown. When chemicals of known structure can reproduce some of thé
:symptoms of these diseases, investigations into their properties '
seens & fruitful area of study. )

The recent clinical introduction of another class of ceatrally
activg conmpounds, now commonly termed tranquilizers., has strongly
reinforced the possibility of a chemotherapeutic approach to the cure
‘of mental illness. These drugs have revolutionized the treatment of
psychosis because they are able to markedly alter processes respon- B
sible for psychotic behavior.

.' Th; concept of a drug induced "model psychosis™ and its pos-
sible role in elucidating mechanism of action and therapeutic proce- .
‘dures in mental diseases has been the subject of much research effort
and controversy in recent years. Some investigators stirongly main-
tain that there is little similarity between the drug induced and
endogenous psyctotic states (ef. Hollister, 1962) while othefs bo-
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lieve that the two are closely related (von Mering, Moromito, Hyde

and Rinkel, 1957; Creinor, Burch and Edolbert, 1958). A more moder—

ate approach (Deﬁber, 1962) would be that sufficient common symptoms
exist to warrant continuing efforts at study along these lines.

While hallucinogens and tranquilizers produce a number of
pharmacological responses their subjective offects in man have been
of major interesi. However, uss of experimental animals would great-
ly facilitate pharmacological and clinical research if some reason=
able degree of correlation could be found between measurable param=
eters in such animal work and the subjective effects of the drugs
as experienced by man. |

The present studies are concerned with some neurophysiological
and behavioral effects caused by a series of centrally active com-
pounds in two sub=-primate mammalian species. Certain of these co&-.
pounds are known to have different degrees of potency for producing |
hallucinatory phencmena in man. The major objective of the study was
to seek correlation botween the relative potency exhibited by these
. compounds for producing objectively measurable effects in animals and
their reported potency for producing hallucinations in man.

The compounds, consisting of four phenyl-substituted ampheta-
nine derivatives will be described in detail in Chapter I. This par-
ticular series of derivatives was chosen because it represents a
group of compounds which differ only slightly in their chemical
structure and properties but which exhibit qualitgtive and quantita~

tive differonces in their effects on the central nervous system. It



was felt that their relatively small molocular structural changes
might provide an opportunity to gain information rogarding structure-
activity relationships. .

The’techniques employed t6 gain quantitative information on
the effects of these compounds in experimental anirmals and the rela-
tionships between the resulis obitained and hzllucinogenic phenozmena
in man will be discussed in Chapters II, III and IV,
| Chapter V will be devoted to a discussion of general consider-
ations and conclusions arising from the experimental work and pro-

posals for future investigations in this field.



CHAPTER I

THE TEST COMPOUNDS

.A.  INTRODUCTION

j One of the amphetamine derivatives to be employed in these
?1nvestigations can be regarded es a combination of the trimethoxy
' substituted phenyl nucleus of mescaline with the isopropyl side
%chain of amphetamine. In terms of the structural formula the rela= :
'tionships can be diagramed as follows: ' |
- engQ CH3

- cnge -CHz-CHz 0 />cuzcmu%
: ‘ M,scaline 7‘ .

Trimetho:qramphetpmine

The other three amphetamine derivatives are similar to tri-
methoxyamphetamine but have different substituents on the phenyl -
‘nucleus. All of the amphotanine derivatives contain the isopropyl

.8ide chain and for this reason can exist as optical isomers but no

attempt was made in this study to separcte tho isomeric forms and all -



compounds wore employed in the form of their racemic mixtures (50%
dextro and 50% levo).

| Because of the relatively long chemical names of these ‘come
'pounda and the numerous references which must be made to then a sys= .
tem of abbreviations was adopted which will be utilized throughout
the remainder of this thesis. These abbreviations along with .the

correct chemical designation are listed in table 1.

While the four amphetamine derivatives were used as the hydro- .

‘chloride salts, mescaline was employed as its sulfate hydrate and
.amphetamine as its sulfate salt.
’ The expression of doses in terms of millimoles per kilogram

(mM/kg) is of importance for comparisons made between substances have
Ang different molecular weights. It will be recalled that: |
| millimoles (mM) x equivalent molecular weight = milligrams (mg) .

!

B. SOME PHYSICAL AND CHEMICAL PROPERTIES
f .The standard compounds, mescaline and amphetamine, and the

t
i

ffour amphetamine derivatives were synthesized and prepared in the
'form of suitable salts in the Laboratories of Dr. Cordon A. Alles.

| © 1. Ihe Standard Compounds
' a) Mascaline in the form of its sulfate hydrate

, . CH3. o s .

i . CHyo Ny-CH,-CH,-NH
. %Q 2-0RN2,

: (C11E19¥0;) 5 H 50, . 20,0 Equivalent Weight 278

L o e om s .
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TADLE 1
ABBREVIATIONS AND CHEMICAL NCMENCLATURE OF THE TEST COMPOUNDS

The Phenyl-—Substituted Amphetamine Derivatives

Chenical Name Abbreviation

DL-3,4,5=trimethoxy~amphetanine
DL~3,4,5=trimethexy-phenisoprorylanine TMA
DL-a-mothyl=3,4,5-trimethoxy=-phenctiylanine
DL~a=nethyl-rescaline

DL=-3,l=methylenedioxy-anphetanine
DL-3,4=mcthylenzdioxy-phendsopropylamine , MDA
DL-a=methyl-3,4-nethylencdioxy-phenthylanine

DL=-3,4~dinmethoxy-armphetanine
DL-3,4~dimethoxy-phenisopropylanine DVA
DL-a=-methyl=3,4~dinethoxy=-phenethylamine

DL=-3,.=methylenedloxy-5=-wethoxy-amphetamine
DL=-3,/=-methylenedioxy=5-methoxy-phenisopropylamine MDA
Dl-a-methyl=3,4-methylenedioxy-5-methoxy-phenethylamine

The Related Standerd Compounds

Chemical Name . ' Ceneric Name
3,4, 5=trinethoxy=phenethylamine mescaline
DL=-phenisopropylanine

P ol amphetamnine

DlL~-a-methyl=phenethylamine



The naturally occurring base was isolated from
the peyote cactus Lophophora Williamsii and establish-
ed as its principal centrally gctive constituent by
Heffter (1894). It was later synthesized by Spith

(1918).

b) Amphetamine in the form of its sulfate

_ ct
@-CHL-C?PNHZ
(CgH, JN) . H S0, Equivalent. Velght 184

Prepared as a base for chemical study by
Edeleano (1887) and later in the form of its salts by

' Alles (1932) who found them to have some notable cen=:

tral and peripheral activities (1933).

2. Ihe Amphetamine Derivatives ,
a) TMA = Trimethoxy-amphetamine as its hydrochloride

CHz0 CHs -
&, Me) -CH,-CH-NH; )
CH

(c1 2!119N03).HCI m.p. 217-8° Equivalent Weight 262

Synthesis of thia compound wvas reported by Hey
(1947) and it hed been used by Alles and Heegaard
(1943) for a study of the specificity of amine oxie

dase.

HeZ  Sruantnt iR .
&l ces ome teres

10



b) MDA = Methylenedioxy~amphetamine as its hydrochloride
CHa

'
O-Q- CHo-CH 'NHZ
CH,0

%

(cw}x1 31«03).301 m.p. 186=7° Equivalent Weight 216

Synthesis and properties of this compound were
reported by Mannich and Jacobsen (1910) and it was
later used by Alles and Heegaard (1943) for a study
of the specificity of amine oxidass. .

¢) DMA — Dimethoxy-amphetamine as its hydrochloride
' CH3

cH 3o©~ CHyCHAy
CH30

(c 1131 7N0 2) JHC1 m.p. 147-8° Equivalent Weight 232

Synthesis and properties of this compound were
_reported by Mannich and Jacobsen (1910) and again by
Alles (1932). It was later used by Alles and Heegaard
('.1943). for a study of the specificity of anine oxidase.
d) MDA — Methoxy-methylenedioxy-amphetamine as its
hydrochloride
~ CH30 i
Lo} ’Cﬂz‘CH"N HZ, ’
CH 0

(c, B, N0,

).HC1l m.p. 178-9° Equivalent Weight 246
_ MMDA is a new compouné:synthesized' by Alles

1



(1962) and has not provicusly boen reported in the
‘1iterature. It was preparsd by lithium aluminum hy-
dride reduction of 5-methoxy=3,4-methylenedioxyphenyl=
nitro-propylene obtaincd by the condensation of nitro=
ethane with myristic aldehyds. This sequence of syn-
thesis correspondced to that reported by Hoy (1947) for
the synthesis of T:l\. The sample of DDA wes of its
hydrockloride, recrystallized from hot ethanol, melt-
ing at 177-175°C. and showing chloride analysis of
I14.39Z as coxpared with 14.43% calculated for
(011315N03).HCL of molecular weight 245.71.

C. HALLUCINATORY EFFECTS IN MaN

1. The Standard Compounds

a) Moescaline

The rsaction of man to mescaline administration .

has had extensive documentation. Lewin was one of the

first investigators io become interested in the physi-
ological activity of various fluid extracts of the

cactus plant then known as Anhalonium lewinii (now

ophophora williemsii). In a paper published in 1888

he described the effects of injecting these extracts
into various experimental animals and concluded that

" he was "dealing with an intensely poisonous substance',
Lewin's pudblications (1887, 1888, 1894) in a sense

dintroduced Msoveote® ianto modera westornm nmediecins.
I 4



This cactus has bcen used for centuries by certain
Moexican Indians in conjunction with various relipious
ceremonies. The drug was in widespread use by the
Aztecs when the Spaniards arrived in 1520 and was

worshizped among the triad of plants known as

Wteonanacatl, ololiuqui and peyotl." (De Ropp, 1957).

Today the religious use of peyote swrvives in the
Native American Church, a christian sect having
branches in Mexico, in the southwestern United States
and in eastern Canada. The eating of peyote has been
incorporated into the ceremonies of this church and
this practice has come under sharp criticism. Five

anthropologists (La Barre, McAllester, Slotkin,

Stewart and Tax, 1951) investigated the Greater Amer- .

ican Church and their findings amount to a vigorous
defense of the use of peyote by this group. They
denied any abuse of the drug and concluded that:

+ « « It will be seen from this brief

‘ description that the Native American
Church of the United States is a legi-
timate religious organization deserving
the same rights to religious freedom as
other churches; also that peyote is used
sacramentally in a manner corresponding
to the bread and wine of the white
Christian,

Around the turn of the century a number of re- .

ports appeared in the medical literature which were
concerned with tho mental changss produced by ingest=

ing peyote. Prentiss and Morgan (1895) descrided in

13



considerable detail the effects reported by 5 indi-
viduals foliowing *-zostion of "mescal buttons” and

coneluded that "visions" and museular depression wers

the main changes produced by the drug. It was not;d

that the visions ranged from only flashes of color to

the most complex and detalled panoramas; that they |

occurred most frequently with the eyes closed and

usually without any concomitant clouding of consclouse

b ness. Mitchell (1896); following the self-administira=-

tion of an "extract” of poyote, experienced a variety

’ of detailed visual hallucinations which were prececed

5 by less complex lines and patterns of color. Klﬂwer_
(1928) pointed out that certain "hallucinatory con-
stants” consisting of geometrical forms and patterans
seemed to occur with marked regularity during the .

x " course of peyote intoxication. These "constants"

E wore then replaced by more variable "panoramic®

| visions as the drug effect became more pronounced.

L The alkaloid primarily responsible for the cen-
tral effects of peyote is mescaline which was isolated.

bty Heffter as early as 1894. Practicelly all medical

investigations conducted in this field within the last
several decades have employed mescaline as the pure
compoyhd rather than using the crude plant preparation.

A nuxmber of siucies are available for estimate

ing the dose of mescaling nceessary to produce hallue
g .

e e e e e et o s
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A cinatory phonomena in man. In one of the most recent -

; articles on the a.ubje'ct Hollister and Hartman (1962)
' f reported that 5 my/kg of mescaline (probably the sul-
fate hydrate), given orally to 20 individuals judged
to be psychiatrically "normal®, p}oduced visual hallue
cinations in 9, hallucinations of smell or taste in 3 |
and auditory hallucination in 2 of the cases. A total
‘of 17 out of the 20 subjects reported alierations in

5 - perception of shepes or colors. .Hoch (1951) and Hoch,
Cattell and Pennes (1952) reported that intravenous :
doses of 400-600 mg mescaline sulfate (8 to 12 mg/kg
or .029 to .043 mM/kg) in 59 mental patients produced |
visual hallucinations in 44, auditory hallucinations :
in 18 and hallucinations of smell or taste in 7 indi-
viduals. Feigen and Alles (1955) working with smaller
tstration of 100, 150 and 200 mg (2 to 4 mgfkg or |
.007 to .014 mM¥/kg) only 3 of 7 individuals tested
experienced hallucinations at the 200 mg dose level.
These investligators also measured the blood pressure, |
pulse, heart rate, areas of visual color fields and
patellar reflex strength. The clearest change pro-
duced by mescaline, even at sub-hallucinatory doses,
was pupil dilation and an increase in the patellar -
tendon reflex, which apparently indicated an elevated

reflex_excltability. Areas of the visual color

AMLBANENE tosL *
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doses of mescaline sulfate found that with oral admin- .
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fields, especinlly in the blue 'spectrum, vere ine

creased with higher doses ot the drmg.

findings were essentially negative. Beringer (1927),

in a study involving some 60 subjects, concluded that
the individual responses to mescaline wers so variable

that éomparative studies would require administering a |

rangs of doses W0 cach subject in order to derive the
reaction speciruu. '

" To summarize » halluciz;.atcry phenomena might be
expacted to oceur in most individuals with doses in
the meighborhood of 5-10 mg/kg (.018-.036 nM/kg) of
the sulfate hydrate salt. '

Amphetanine
This compound is a potent central nervous sys-

tem stimulant. In most individuals 5 mg of the d=iso= -

mer, taken orally, will produce a marked subjective
stimulation which is unaccompanied by other gross
pl:vsioloéical changes. At doses of 40 ng and higher

it v produce increased blood pressurs, nydriasis

and other "sympathomimetic® responses but in doses of
20 ng and less these effects are usvally of little
consequence. Alles (1939) reported that the d-isomer
of amphetanine was approximately 4 times more potent
than the 1-isomer for producing central stimlation in
2on although thase two cpiically active forms snd

Lheir wacezie mixture wire found o have comparabls

Ve e e amame s emeee -
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thethor o not amphetamina produces hallucina~
tory phenomena when taken in high doses is a complex
question, Monroe and Drell (1947) studied an army
sricon pepulcotion which had relatively wirestricted
acccss 1o axphetsnmine throuzh the weez of Benzedring
Irazlerse. Iu a questionnaire returncd by 1082 inmates
255 sdmitted mogular use of arphetamine. The authors
‘.:'.‘..z‘aod that this use gave rise to serious diselplinery, "
acdical and peyciaiatric problems but did not discuss
the nature of these problems to any extent. Only 4 of
epproxiuately 270 men admitiing amphetamine use vere
prompted to seek medicel help as a result of teking
the drug. Thaess individuale had developed a psychotic
paranold stats. Thiz relatively low incidence of s
sevarc nmontal disturbance occurrsed in a population
which could be considered unstable by its naturo and
where ths only source of amphetamine was from inhalers
‘each of which contained 325 mg of the free dase.

The question of serious mental disturbances re-
sulting from the use of amphetamine was the subject of
a monograph by Connell (1958). This author, from &
detailed review of the English and French literature,
"concluded that either chromie or acute high doses of
akpactoilie wWro capuwvle oF produciny & p.:*;no;d
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Connell hinmself studied 42 cases of psychosis in which
emphetemine was involved. The history of these indie
viduels indieat.d o mavi:zd degrec of mental instabile
i%7. & tot.l of {i4 nal blenm pwovicusly treated for
soms type of ssvere emoulonal dislturbeaice, 20%'were
clacsified &3 psychoncurotics and only 14% were con-
gidercd to have relatively "normal™ backgrounds and
personciiilics., The ayuplons e#hibited by taese pa-
tlents, In carecment vith cases réported in the liter-
. alturg, chowed a hizh degree of parancid rcactions '
wiliina In sany instauces were assoclated with hallu-
cinalory phenomena. The author points ocut that 9 of
.ths:a paiionts developed psychosis after a large dose
ol emphstazins taken over a short peried of time. The
dosage ranze in this group was from 75 mg of d-amphet=
eaino tekon as a single doss, to 975 mg of the base
teken over a 3-day period. From these results, Cone
ncll concluded that ampheiamine can be considered as a
trus hallucinogenic agent. A major objection to this
couclusion was recognized by Connell himself and
stated in the openiny paragreph of Chapter II of his

bock:
In a study of this kind, based on the
premise that a condition is rare and
associated with excessive doses of s
cruz, 4t is not pocsible to proceed
ageowrdinT Lo gelentlific nrinciples and
USU Tl Laiipics 00 SLilld JTOUPS.
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While amphetamine in high acute doses has been
demonstrated to csuse hallusinations, this apparently

only usually occurs in individuals with relatively un-

stable mental histories. No information is available
concerning what effects might be expected in a "normal"
population. The study of Monroe and Drell, which bas .'
been previocusly discussed, seemed to indicate that
even in an "unstable® population relatively high doses
of amphetamine produced & comparatively low incidence
of mental disturbance of a degree of severity which
would involve the production of ballucinations.

- In summary, the available data seems to 1ndi.-.
cate that emphetanins, in high doses, is capsble of
precipitating a paranoideschizophrenio-like state-
which can be accompanied by hallucinatory phonomu.
This reaction usually occurs in individuals with un=

. stable mental histories and though it has been report-

ed in some "normal® subjects the incidence in this

latter group could be expected to be low, This would
not seem sufficient evidence to classify amphetanine

as & hallucinogenic agent in man. |

A

2. Jhe Amphetamine Derivatives
a) TMA

Perets, Smythies and Gibson (1955) reported
that doses of 1.6 to 2.0 mg/kg of ‘the hydrochloride

1255 ALGANINT 1%, ¢
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 salt produced visual hallucinations in 9 "normal® in
. Qividuels, The hallucinations were very similar to
those reported for mescaline; they were highly colored
and involved geometrical patterns, animal forms, land-
scapés, etc. A stroboscope was used to elicit these
‘ phenomena. With lower doses of TMA (0.8 to 1.2 mg/kg)
i , no hallucinations occurred but at 1 to 2 hours sudden
‘ - ngiddiness™ developed which was followed by 1ncreas§d
' . | . | talkativéness and locomotor activity. Definite sensi-
' L tization of deep tendon reflexes were noted. This
| | observation is similar to that of Feigen and Alles
(1955) for sub-hallucinatory doses of mescaline. .

" Alles (1959), in further self-experiments with TMA,
i‘eported that no subjective effects occurred with .2
mg/kg but with a dose of .4 mz/kg they became quitﬁ.
spparent. A slight, but persistent, gastro-intestinal
disturdbance was noted which was paradoxically ac,eom-. |
panied by a feeling of euphoria. Alles felt aware of -

o a *broader-than-usual® visual field, although no

i ) ' nwdri'uia was evident. In previous experiments he _

‘ k had found é.o mg/kg of mescaline sulfate necessary.to

" alicit subjective effects which would indicate that

' ) TMA is- approximately 5 times more potent than the fore

| mer compound for producing threshold subjective ef=-
focts. Shulgin, Bunnell and Sargent (1961), using

. &ozss of 1.6 to 2.0 mg/fkg TMA, reported somcwbat

T AIBANERE 13 ¢
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similar effcets to those descridbed by Peretz,
Smythies and Gibson (1955), although with higher

" doses (2.8 to 3.5 mg/kg) some symptoms were encounterQ

ed which had not previously been reported. In addi-
tion to visual hallucinations and associated phenomena
5 subjects receiving this dose level showed hostile or
"pegalomanic euphoric" rcactions. These behavioral
changes were severe enough to prompt the authors into
stating that they telleved some of these individuals.
could easily have been pushed into a "homicidal fury.”
The sensorium was clear during these episodes and re-
call was excellent.

TMA, as judged by the various investigations
discussed above, can apparently cause hallucinations
in man at a dose in the neighborhood of 2.0 mg/kg of
the hydrochloride salt (.088 mM/kg). A hypothetical
ED,qo (dose producing effects in 100% of the cases)
for mescaline in man might be as high as 10 mg/kg.
This would indicate that TMA is approximately 5 times
more potent than nescaline for produqing hallucina=
tions. This figure would agree with the estimate
given by Alles for eliciting threshold subjective
effects in himself. '

MDA
There is only on: rcport in the general litera=

. ture concorning the central eflects of MDA in man.

LA Case
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Alles (1959), after ingesting a total dose of 126 mg
of the hydrochloride salt (.006 w/kg), experienced
visual hallucinations consisting of many grey, curling
smoke rings. These were seen in the environment vhen-
ever "a relaxed approach to subjective observation vas
used” but they disappeared vhen attempts were made to
concentrate on their detail. Interestingly enough, an
increased awareness of color, so common during mes—
caline and TMA intoxication, did not occur. In addi-
tionAto visual hallucinations Alles reported an in- |
creased ability to differentiate certain sounds (foot-
steps avay from general traffic noises in a busy :
street) which was apparently not linked to an over-all
increase in auditory acuity. A pronounced increase in
perception of distant objects and certain feelings of
depersonaliszation were also noted. Physical symptons .
included maximal mydriasis, increased blood pressure,
muscular tremor and tension and a degree of ataxia.

On the basis of the above report it seems rea~
sonable to assume that MDA is a more potent hallucino-
genic agent than mescaline. Alles (1959) reported
that, in self experiments, 200 mg of mescaline sulfate
were required to produce threshold subjective effects
while only 80 mg of MDA vere necessary for similar
activity, )

! e) DM
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The only account of hallucinogenic phenomena

resulting from DMA, of vhich the suthor is sware, is

contained in an Army Chemical Center report (1962).

Under auspices of this group this compound was admine

istered to several psychiatric patients in the New

' York State Paychiatrié Institute. 'One patient re-

ceived 004 mM/kg (.87 mg/kg) of the hydrochloride
salt intravenously and exhibited only a slight in=
crease in psychiatric symptoms; a comparable dose in a
second individual also elicited only insignificant
changes. When one of these two patients was reinjec-
ted at a later date with approximately .04 mM/kg

(10 mg/kg) of DMA a definite "mescaline-like" state
vas induced. The symptoms included colored hallucina-

tions of gecmetrical figures and occasionsl structured

forms. The other individual experienced visual dis-
tortions, notable after-imagery, feelings of unreality

' and parancid ideas. Marked mydriasis and gross body
tremors also occurred but apparently no hallucinations

were experienced. Alles (1962) has performed self-
experiments with DMA and reports that. oral doses from
10 to 120 mg (.0004 to .0050 mM/kg) were wvithout
periphersl or subjective effects, ‘except for a slight
gastro=intestinal discomfort at the higher doses.

Whea 160 mg (.007 mM/kg) was ingested a 20 zm. of

..., mereury increase in blood pressure occurred within 45

23
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" nminutes, vhich vas accompanied by a slight mydriasis,

Judged this effect to be approximately equal to that

. of 60-80 mg MDA and concluded that DMA had from 30 to

50% of the potency of the former compound. Fellows

" and Mllyot (1951) studying the analgetic properties of

a large series of compounds mentioned that DMA pro=-
duced marked analgesia in cats at doses of 20 mg/kg

_bnt. that clinical testing had indicated the compound

vas not useful in man. Unfortunately, no douco. do=
tails were given for the clinical testing.

" On the basis of the rather limited data availe .
able it would seem that DMA is less potent than either
TMA or MDA for producing hallucinations in men. Its .
effective dose might be similar to that for mescaline. °

The only information available regarding the
.mtnl' offects of MMDA in nman are some self-experie -
ments conducted by Alles (1962) vho found that doses
of 10 to 40 mg (.0004 to .0016 mM/kg) produced no
significant effects. A dose of 80 mg (.0032 mM/kg) =
MDA resulted in a slight increase in blood pressure |
and heart rate plus definite mydriasis although no
subjective changes ocould be discerned. mu. con=-
cluded that MDA had one-half or less the activity of
TMA for threshold effects, = '

¥ .
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'3, Swmary of Hallucinstorv Effects in Man

Since its introduction into the modern world
near tho twrn of the century numerous reports have
described the hallucinations produced by mescaline.
The doses used in these studies varied over a rela-

" tively wide range but from the available data it
seens reasonable to assume that 10 mg/kg of mescaline

(.036 mM/xg of the sulfate hydrate) taken orally would

. elicit visual hallucinations in most individuals.
This relatively high dose would also probably produce |
a mumber of peripheral symptoms including muand ,

voniting.

Amphetanine, while having potent central stimue _
latory actions, probably should not be classified u a
hallucinatory agent in man. High doses of this com= .

pound evidently can produce toxic psychotic states
accompanied by hallucinations in certain individuals
but it appears that the incidence 6f such a reaction
%o an acute high dose in a "normal® population is
relatively Jov. -

The Aaphetanine Derivatives

TMA i3 the only compound among the four derivae’
" tives vhich has been reported to produce hallucine-

tions in more than one "normal® subject. The effec-

e tive dose vas in the region of 2.0 mg/kg (.0076 mW/kg

L4 onaes
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" of the hydrochloride salt) Alles roported oxporiencinz
mmmamuu.mmum
equivalent to 1.4 mg/kg (.006mM/kg of the hydrochlo=
ride salt). Apparently TMA and MDA have comparable

P potencies for producing hallucinations .1n man vhich is -

i

'_lppro:dutcly four to five times greater than that
roporud for mescaline.
. DMA at 10 mg/kg produced a typicnl "nescaline- "
like" response in one psychotic patient and on the ‘
.. basis of threshold effects Alles Judged. this compound
to be at least 2 to 3 tines less active than MDA. DHA k
may bave a potency in man more comparable to mescaline
than to MDA or TMA. " L
No information is available conceraing the
ballucinatory properties of MDA. On the basis of
threshold effects Alles estimated that the potency of |
this compound might fall somevhere between DMA and the
more astive MDA and TMA. C '
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CHAPTER II
THE mms'or THE AMPHETAMINE DERIVATIVES
ON AN EVOKED POTENTIAL
IN THE BRAIN OF CATS

A, INTRODUCTION

This work was conducted in the Veterans Administration Re-
f'coa:jch Laboratories 1-n Neuropsychiatry in Pittsburgh, Pennsylvania
‘through the kind invitation of Dr. Amedeo S. Marrassi, Directer.

.‘rho experimental procedures were under the direct supervision of Dr.

Rpu E. Hart to vhom the author owes a special thanks for his pa-
tdent and thorough imstruction. |

; | Drs. Marrazsi and Hart have intensively studied the effects of
;vnrim phamaeolo;icd agents on synaptic transmission within the
:contral nervous system using the "transcallosal preparation® in the
fut. Briefly this procedure consists of delivering an electrical
pulu to a cortical locus ard recording the evoked potential trans-
;uttod via the ocorpus callosun to the homolateral point on the oppo=-
;fsito hemisphere. Drug ’ttoctl are uuy«i by observing the changes
jonciud in this evoked response following close intracarotid injec-
‘tions of the various compounds. Marrassi (1953) discussed the recip-
;rocnl nature of epinephrine and acetylcholine actions on this systen
‘and pointed out that similar results bad been attained with isclated
fporip!m'al ganglia. Acetylcholine in doses of 1.0 microgram/kg
‘cauud an increase in the height of the transcallosal evoked poten-
ua, while opinophrim at 10 microgrm/kg produccd a definite do-

- cans e et s mos vaswmes e
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crease in the response. '

| Various psychoactive agents were investigated for their effect
on central syneptic transmission. In 1952 Hart and Marrazzi reported
that 5 mg/kg of mescaline (.018 mM/kg of the sulfate hydrate) injec~
ed into the ipsilateral carotid artery produced marked 1nhi$ition of
central synaptic transmission. A dose of 15 mg/kg had similar ef-
fects when injected intravenously. In a subsequent publication
Marrazzi and Hart (1955a) reported that 8 micrograms/kg of LSD-25 and
2 micrograms/kg of serotonin also inhibited the central synapse.

They proposed that a "balanced reciprocal relationship" nmay nomal}y ,

exist between cholinergic excitatory and adrenergic inhibitory mech-

anisns and suggested that serotonin, which is endogenous and capable .

of producing synaptic inhibition in minute amounts, might play some
role in naturally occurring psychoses by acting to unbalance this
system. These authors (Marrazzi and Hart, 1955b) pointed out that

certain structural similarities exist between the molecule of LSD and .
serotonin and speculated on the possibility that both could influence '

similar central mechanisms. Further work along these lines (Marraszszi

and Hart, 1956) demonstrated that the tranquillizing agents chlorpro- ‘

mazine, reserpine and azacyclonal were capable of reducing the de=-
pressive effects of mescaline in the transcallosal preparation.
Bufotenine (dimethyl serotonin) and adrenochrome, both of which have

| 'boon reported to produce hallucinations in man, were also dexmonstrat-

ed t0 inhibit central synaptic transmission in the cat. In addition
the relative doae-fesponse relationships among these hallucinatory
agents and their antagonism by the tranquillizers was similar to that

L]
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observed in man.
Because various hallucinogenic agents had been reported to

produce synaptic inhibition in the transcallosal preparation in doses
which were relative to their potency in man the idea was conceived to
corpare mescaline and the four amphetamine derivatives in the same

preparation. It woo hoped trhat similar corselotions couwld bo mede

with this serics oi west compounds.

B. PROCEDURE
: Tis Guporizmeatal animals were cats of elther cow wii_...inl Do=
_ tveen 2 and 4 kilograms. They were initially anesthatized with 30
mg/xg pentobarbital sodium injected intresperitoneally. Additional
jdoses of the anestheilic were given as needed during the course of the
"experiment by injections into an exposed femorsl vein. '

A femoral artery was isolated, cannulated and connected to a
.mercury manometer which recorded blood prassure changes on a kymo-
graph. |
j A mediel longitudinel incision was made in the skin of the
mneck and the trachea cannulated in the usual manner. Two lateral,
;doraally directed 1ncisiolns were extended from either ends of the
;medial cut and the skin was layed back as a flap. The external jugue
-lar vein was isolated from the underlying tissue and the sirap mus-
;clea were tied firmly near their origins and insertions. These
:musclas were removed following incision between the ligations. The
carotid eriory, thus eiposed, was dissacted fres from the accoxzpany-

inz norve end faccliz. Injoctions were made directly into trhis ex-
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posed vessel with a sharp 27 gauge needle.

: After fixing the animals head in a holder the skull was ex-
:posed and en extensive craniotomy was performed. The entire pariet‘al
bone was removed with the exception of a thin strip on either side of
the saggital sutura covering the medial sinus. The craniotomy ex-
‘tended forward into the frontal bones and sinuses and ventrally to
approxinmately the level of the occipital bones. The dura was removedl
and the exposed cortox flooded with warm mineral oil. |
T An electrode holder was positioned directly over the exposed
cortex by firmly clamping it to the lateral margins of the oceipital
bons. The stimulating elecirode was positioned along the medial gy-
Tus near the midline on one side of the brain and a recording elec-. '
’trode wes placed on a homolateral point on the opposite cortex. An
"indifferent” elecirode was placed oa the hemisphere containing the

recording electrods at a point well removed from it. A squaro' vave

fof 10 volts potential and 5 milliseconds duration was applied at the

:rato of two per second to the stirmulating electrode through a stimu-
:lua isolation unit, The potential difference this stimulus evoked
between the recording and indifferent electrodes was amplified and
:diaplqyed on the face of a cathode-ray oscilloscope. It was also re-
corded on an inkwriting oscillograph whose primary function was moni-
- ftoring the ongéing spontaneous electrical activity of the brain. |
) If the evoked potential produced by the 10 volt stimulus was
100 miecrovolis o greator and if the spontancous electrical activity

vas sufficlenily deprossed by the barbiturate so as not 1o unduly in-

fluonco was ctability ol the cvoliicd response tho proparation was

. » wey ®
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- doemed satlsfactory. It was froguently necessary to "explore” with
the recording electrode in an attempt to find a more pronounced
evoked potential. Additional barbiturate was often given to reduce
the axmount of spontaneous electrical activity and thus minimize dis- 4
tortion of the evoked potential. Having obtained ;; satisfactory re-
sponse the stimilating voltage was reduced to near threshold level
and the frequency was reduced to one per second. ' A number of
"control" traces were photographed from the face of the oscilloscope |
using a cemera with a f£ilm speed of 10 mm. per second. ‘
| The drugs wero then injected directly into the exposed common
carotid artery on 'the same side as the recording electrode and a
.photographic record of their effect was obtained. The image of egc{x .
.trace vas projected from the 35 mm. film onto a grid screen. The

. height of the negative deflection of the evoked potential above an

'arbitrarily chosen point was measured. These valuess were seqmnﬁﬂ-_ ’

1y plotted with the ordinate representing potential height and the
‘pro- and post=injection plots were then compared. If a significant
reduction and subsequerit recovery of the height of the evoked poten-
,:tial occurred that particular dose of the drug was judged inhibitory
to synaptic tranamission in the transcallosal preparation. An in-
crease in the height of the potential would have signaled a facilita-
tion of synaptic transmission but this effect was rarely observed
‘during this series of experiments. Mescaline was used as the stand-
ard compourd. The potency of the azphetamine derivatives for inhibi-
ting central syraptic transmission was axpregsed as a percentage of a

comparable dose of tho cilandard.
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| The initial dose of mescaline was usually .0025 mM/kg. If
this failed to produce a clear inhibition of the evoked potential,
twice this amount was injected. This doubling dose procedure con-
tinued until at leazst two doses of mescaline were recorded, one ot'
wvhich produced a definite inhibition.

Folloewing mescaline the particular amphetamine derivative
‘being studied was injected at a dose equivalent to the effective
mescaline dose. Once again, if no inhibition occurred a dose twice
as large was administored. After cbtaining a clear response with'the
;tut compound the animal was recalibrated to mescaline.
In nost experiments the preparation was given a series of
‘aerotonin injections of .00062 to .0018 mM/kg prior to 1nvostigat1ng
the effects of mescaline and the amphetamine derivatives. This pro-
cedure reflected an interest of Dr. Marrazzi's and had no direct re-
lationship to the experiments being discussed here. While the
'urotonin injections conceivably could have influenced the results ot."
;subaoquent tests it appeared that if the blood pressure levels could
‘be maintained following the marked falls which serotonin produced,
jthue preparations would give results which were essentially sm1n
to animals not receiving this compound.
©. BESUTS
! 1. JIntroduction

The results obtained using the transcallosal prep-
aravion ia tho cat to assay mescaline and the four phenyle

! gubstivuted amphotamine derivatives will be summarized

S, . . - v e eem
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from the following standpoints:

1. Inhibition of the transcallosal evoked potential.

2. Cross=tachyphylaxis or "locking" between the
compounds,
3. Effects on the brain's spontaneous electrical
activity.
No attempt will be made to present raw data. The
actual plots of the evoked potentials were done on graph
paper approximately two feet square and the blood pressﬁre

and EEG records ran continuously during the course of the

experiment. To reduce this large amount of data to a form

in which it could be concisely presented would require

labor not commensurate with the negative character of the

findings.
The sensitivity of the individual preparations vas

judged by the dose of mescaline which would produce a sig- .
nificant izhibition of the evoked potential; the necessary

amounts ranzed between .0025 and .0200 mM/kg with most
animals responding to .005 mM/kg. The compounds to be

compared to mescaline were then injected in increasing

doses in an attempt to match the effects of this standard.

The activity of these compounds on blood pressure
will not be discussed in detail but, with the exception of
MDA all are reasonably potent depressor agents; MDA usuale

1y sroduced a marked rise in blood pressure. )
Qo omeiiors TR0 ots of the Amphetaming Derdvatives

., ®
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a) DMA

(1)

(2)

(3)

b) TMA

(1)
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Effects on the Fvoked Potential
In two experiments DMA proved to be ap-

proximately equal to or slightly less effective
than mescaline for producing central synaptic in=
hibition. In a third experiment DMA produced a
100% inhibition which did not spontaneously re-
cover while an equimolar dose of mescaline injec-
ted prior to it produced a reversible 65% 1nhibie
tion.
Blocking Effects

There was a suggestion that DMA may attenf
uate the effects of subsequent mescaline injec-
tions. The results, however, were not clear cut.
EEC Effects | '

DMA has a definite, but not marked, ten-
dency to quiet the EEG.

Effscts on the Evoked Potentisl

The results of four experiments indicated
mt TMA has approximately one-half the potency
of mescaline for producing transcallosal synaptic
inhibition.

THA attenuated, and in one instance seexzed

%o roverss, the elfocts of subsequent Zescaline
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injections.

(3) EEQ Effects |
TMA has a marked potency in reducing EEG

activity.
MOA.
(1) Effects on the Evoked Potential
In one experiment MDA appeared to be ap-
. proximately equal to mesceline in producing cen-
tral synapiic inhibition. In a second experim.ent
1t exhibited less than 50% of the potency of -

'Y

xmescaline.
(2) Blockine Effects
~ Results were not clear but there was a
suggestion that MDA attenuated the effects of

subsequent mescaline injections.

(3) EEQ Effects

Both experiments indicated that MDA has a
marked potency for reducing EEG activity.
MDA '
(1) Effects on ihe Evoked Potemtial
Four experiments indicated that MMDA has
less than one-half the potency of mescaline for
producing central synaptic inhibition.
(2) 3Blegkin~ Iifacts
}2D4 atteavates the effe;cts of subsequent

- mesealing dnjections,
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(3) EEG Effects

MDA has a definite, but not marked, ten=

dency to quiet the EEG.

D. CONCLUSIONS

b oo mger ms

1.

2.

3.

The priniary reference standard, mescaline, seemed
to be nore.potent than any of the amphetamine derivatives
for producing a decrease in the height of the negative de=-
flection of the electrically evoked transcallosal poten=-
t1sl in the cortex of the cat. DMA was found to have an -
activity nearly equal to that of mescaline and MDA, TMA

and MDA proved to have approximately ons~half the potency

. of mescaline for luhibltiag the evokied potential,

Creas Tachyphvlaxis cr "Blocking"®
All four amphestamine derivatives probably produced

a cross-tachyphylaxis or blocking effect to subsequent
mescaline injections. The evidence for this was reason-
ably clear in the case of TMA and MDA while the data on
DMA and MDA only indicated the possibility of such a phe=
nomens. Actual reversal of the subsequent effect of mes-
caline was seen on at least one occasion. Indications .of
reversals were seen in the plots of three or four other
exporiments but since this offect was unexpected it often

wag not cozplotely photogrephed.

Srontenzeus Swsdn Flestrical Activity
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| The ebility of the amphciamine derivatives to re-

duce the amplitude of spontaneous electrical activity in
the cortex was a definite and reproducible phenomenon;

both TMA and MDA were especially potent in this regard
with MMDA and DMA being clearly less active. Mescaline

, also reduced spéntaneous activity but in no experiment was
! it more active than the amphotamine derivative being com=
pared to it.

E. CUSSION

The surgical procedures necessary for the transcallosal prep=

aration were quite extensive and were carried out under deep barbi-
turate anesthesia; the amount of sodium pentobarbital required varied
to some degree from animal to animsl. Once the preparation was com-

vploted and recording begun it was often necessary to inject addition=

al barbiturate in order to reduce the amount of spontaneocus electri-
cal activity to a point where the evoked potential could easily be
seen. Again this smount varied from preparation to preparation. Ia
| addition to these considerations the cat wﬁa continually metabolizing
:tho ‘barbiturate during th'o course of the experiment and thus the
level of this drug vithin the brain varied with time.

, Detailed studies on the effects of barbiturates in the CNS
Ehavo largely emphasized the depression produced by these compounds on
the reticular activating system of Moruszi and Magoun (1949). Brad-
ley and Xey (1958), Schallek and Kuehn (1959), and Arduini and
Arduini (1954) ,‘ among otbers, have reported this fact. Rinaldi and

. »
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Himwitch (1955b) finding that even small doses of barbiturates alter-
ed tha némal alerting response in the cortex concluded that, "a
special effect predominately on the cortex may account for part of
the hypnotic action of barbiiurates."

An additional observation made during the course of these ex-
periments also indicated that barbiturate levels may be an important
'conaiderat.‘.on for symaptic transmission within the cortex. In many ‘
preparations the height of the evoked potential was seen to change
significantly folloving barbiturate administration. Some optimm
level of hypnosis seemed to exist at which the potential was at a
: It can be argued that ihe standard compound and the drug being
compared to it would be equally effected by shifting barbiturate
levels and thus a comperative evaluation would be vaelid. The propo-

sition also could be advanced that the effects of mescaline end the -

Ttour amphetamine derivatives on~synaptic transmisaion might conceive
'ably vary independently at different levels of barbiturate anesthesia.
Progressive decline in blood pressure engendered by repeated
finjections of mescaline and "cross tachyphylaxis® between the com=
pounds made it impractical to test more than two or three of these
drugs in a single preparation. Since it was not possible to get
valid comparisons of all compounds within any one animal the role of
variable levels of barbiturate background could mot be ascertained.
Alihough it cppoared that this factor did not afflect the action of

thece drugs in a qualitative sense 1t is conceivable that It may have

contrivuted to come of tho quantiiative variotions which were ene
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countered,
Several investigators have indicated that mescaline is capadble
of facilitating rather than inhibiting evoked potentials recorded

fron the cortex under various conditions. Rovetta (1955) working
with cats anesthetized with a chloralose-urethane mixture reported
that topical application of mescaline in concentrated solutions (33%)

'‘to the primary optic cortex resulted in 1noroues" in the ﬁplitﬁo_ot .

ztho cortical response to photic stimulation up to 30 times that for
.oontrol responses. This author also found similar increases in .
:couto-nmry oortex following sciatic nerve stimulation and in
_Emkod potentials from the auditory cortex following click stimuli.
Intravenous injections of 12.5 mg/kg mescaline had an opposite effect
jon the evoked potential in the optic cortex and produced slight de-
:crouu in amplitude. LSD, in the hands of this investigator, had
essentially no effect on evoked potentials, either topically applied
or intravenously injected. Smythies, Koella and Levy (1960) found
thtt in the unanesthetised rabbit intravenous doses of mescaline from

:5 to 40 mg/kg produced facilitation of evoked responses recorded from |

.the optic cortex following photic stimulation. They concluded that
:lu'go doses of the drug "caused an initial inhibition of the re-
fspoms and an increase in latency followed by a facilitation and
decrease in latency."” '

| Purpura (1956a and b), studying the effects of LSD on varicus
‘evoked potentials in tho brains of cats paralysed with succinylcho=-

1ine, found that doses of 20 micrograms/kg given intravenously facil-
iiuted primary visual and auditory responses in the cortex. On the.

C ALBANENS 1L * .
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other hand, inhibition of thalamocortical and reticulocortical evoked

potentials was reported following 5 micrograms/kg LSD. Purpura theo='

rized a dusl action for LSD on central synapses. Facilitation of

specific afferent pathways occurred at doses producing inhibition of

diencephalic-cortical projections. Marrazzi and Hart (1955a) found

an inhibitory action on transcallosal evoked potentials with similar

doses of LSD injected into the carotid artery.

While the relative evaluation of various hallucinatory and

tranquillising’ compounds, established by measuring their effects on

‘tho evoked potential of the transcallosal preparation in the cat,
vere reported by Marrassi and Hart to have similarities to their

activity in man no such relationships were found to exist for this . |

series of amphetamine derivatives. Mescaline proved to be the most
offective compound for inhibition of the transcallosal evoked poten-

'un and was spproximately twice as potent n either TMA or MDA. In
man these latter two compounds are apparently two t0 three times more )

potent than mescaline for producing hallucinations.

The reasons why we failed to obtain positive correlations be-
‘twua the ability of the amphetamine derivatives to inhibit the
transcallosal evoked potential in the cat and their potency for pro-
ducing hallucinatory phenocmena in man is not known, dtl;ough various
jroportl in the literature suggest that the activity of mescaline, and
presunably mescaline-like compounds, on evoked potentials in the cen-
tral nervous system uy be a relatively complex phencmenca involving

| Tboth inhibitory and facilitory mechanisms. ,' .
_While the relative order of potency for the effect of those -
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compounds on the evoked potential in the cat may not bear any rola-

tionship to their hallucinatory activity in man it should be pointed '

out that their ability to inhibit the ongoing, spontaneous, brain
electrical activity in this species did exhibit such a relationship;
TMA and MDA were the most effective compounds in this regard and they

, are also the most potent hallucinogenic agents of this series in man.

F. SUMMARY
' The ettects of mescaline and the four amphetamine derivatives
on the amplitude of a transcallosal evoked potential were measured in

the brains of anesthetised cats. Mescaline was the most potent come |

pound in the series for inhibiting this response. DMA was only
slightly less effective while TMA, MDA and MDA had approximately
:om-hnlf the potency of mescaline.

| The compounds also produced a definite decresase in the ampli-

tude of spontanecus brain electrical activity in these preparations. -

TMA and MDA were the most potent compounds in this regard with mes-

‘caline and DMA being clearly less active. MMDA apparently fell some-

‘vhere between the two extremes.

| Amphetanine was not tested.

‘ Their relative order of potency for inhidbiting the trans-
callosal evoked potential did not correspond to the potency of these
compounds for producing hallucinations in man although their ability
:to attenuate ongoing, spontaneous electrical activity did show a

~ degree of correlation.
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CHAPTER 1II
THE EFFECTS OF THE AMPHETAMINE DERIVATIVES ON MICE
CONDITIONED TO AN AVOIDANCE-ESCAPE SITUATION

ODUCTIO |
Sidman (1959), in the opening statement of the first article

to appear in the new journal "Psychopharmacologia,” makes the follow=

ing statement:

Pharmacological agents that exercise effects on
behavior have been known since antiquity. But
intensive and systematic efforts to investigate
the relations between drugs and behavior have

only recently begun. A major factor contributing
to the slowness of development of a science of
Behavioral Pharmacology was the late recognition
that behavior is a phenomenon amenable to study
by the methods of Natural Science. The overt
behavioral effects of drugs were disguised, in
conformity with general psychological practice,

by such terms as "alertness,” "stimulation,"
"suphoria, " "sedation" and more recently "tran-
quiliszing.” These and other supposedly descrip-
tive terms provided a catchall classificatory
scheme in which to deposit a bewildering variety
of behavioral observations. They serve to impose
a beguiling but false veneer of simplicity upon
the behavioral changes associated with the admine-
istration of chemical agents. Behavioral disorders
are difficult enough to describe at the human level,
and in animals, with which we share neither a com=
mon verbal intercourse nor a common behavioral
topography, a description in terms of traditional
classifications is virtually impossidle. It is
apparent that the less precise our behavioral
specification, the less precise will be our know=
ledge of the relations between drugs and behavior.

These cobservations by Sidman are partiocularly applicsble to

any study which contemplates employing drug induced bebavioral

‘changes in experimental aninals to investigate compounds which are of
‘dnterest primarily baecause they are capable of producing halluecina= -
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tory phenomena in man. The "lack of common verbal intercourse" and
‘"common behavioral topography” renders the design of such an experi-
.nont very difficult. No g priori assumptions can be made concerning
which, if any, of the possidble drug induced changes in animal be-

- havior might meaningfully relate to the subjective human experience

of hallucinations. However, certain correlations might exist. For

example, in a given sories of compounds it might be established that

drug A vas more potent than drug B which was in turn more effective

than drug € for producing hallucinations in man. If this same A-B-C
' potgnq relationship held for eliciting a specific behavioral change
in animals & useful empirical correlation might be descrided between

the two phenomena. The degree of significance for this correhtion_

would depend on the number of compounds compared, the accuracy which
their potency wes measured and how closely the ranking of the com=
pounds agreed in the two systems. .

The experiments which will be described in this chapter mea-
;mo the effacts of two reference compounds, mescaline and azpheta=
‘nino, and our series of amphetamine derivatives on a conditioned-
.avoidance Tesponse in mice. An attempt will be made to relate quan-
‘utatively the influence of thess compounds on this specific beha=~
:vioral situation to what is known concerning their hallucinatory
‘activity in man, ‘

B. TOXICITY OF THE TEST COMPOUNDS IN MICE |
: In man the central effects of the test compounds ocour at

doses which do not normally produce major toxic symptoms. In mice

. . y rag *
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information concarning the lethalitylof the drugs would be helpful in
estimating ého possible extent to which general toxic reactions (as |
opposed to more specific central effects) might contribute to ob-
served changes in the conditioned response. The LD5° (dose lethal to
50%) was determined in the following manmer:

| A total of 32 to 40 mice of the Swiss, albiﬁo strain were used
. in dosage groups of 8 animals each for determining tho LD5O axd 19/20
confidence linits for each drug. The mice were injected intraperi- '
toneally with graded doses of the test corpounds; less than 0.5 ml of
the ajueous sclution was used in each case. Following injection the
anizals were houscd individualiy in standaxd, small animal cages in a
room whose temperature was maintained at 72°F. Animals dying withiz}
2, hours ware racorded and the rasults analyzed according to the
method of Litchfield and Wilecoxon (1949). The resulting data are
summarized in table 2. '

C. APPARATUS

The apparatus used to condition the mice is illustrated in
figure 1. It consisted of a ractangular,'uhite box 16 inches long,
4 inches wide and 12 incges high, which was divided into equal com=
partments by a partition across the center of its long axis. A plas-
tic door, 1 1/2 inches square, was suspended from the top edge of a
slightly larger opening at the bottom of the center partition. Micro-
suitchos mounted on either side of this door were activated when it
was pushaed epproximately 45° frea center. Circwit closure by the

Ricreovivencs dn turn activated a writing arm which recordcd cach
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TABLE 2

Intraperitoneal Acute Toxleity ia Mice

Arphstaxnine®

Msscalins

WARLNY

LD50 (19/20 Confidence Limits)

mfee

0.06 (0.05-0.09)
0.83 (0.77-0.89)

0.16 {0.11-0.22)
" 0.38 (0.3C-0.48)
0.65 (0.55-0.77)
0.86 (0.76-0.97)

r'rrz .f{s_’
11 (9-17)

231 (214~-248)

35 (24=47)
99 (78~126)
160 (135-189)
199 (176=225)

#Housed in groups ol 4 rather than singly.
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Yorossing" kymographically. A 15 watt incandescent buldb was mounted
at the top end of each compartment,

This two ocompartment enclosure rested on a grid constructed ot:
.buu rods 3 mn. in diameter mounted on a plastic frame in such a '
manner that they were separated by a space of 4 mm. and electrically
;hohtod fron each other. The grid was wired so that each of the
compartments contained two separate circuits connected in series

:through a high resistance to a potential source capable of producing -

1t 5 milliamps current flow. An electronically operated relay
swvitched the current back and forth between these two circuits 'approx-
.Mutoly 4 times per second. This simple "grid scrambler® system in
_nolt cases effectively prevented the animal from escaping the shock _
either as a result of fecal pellets shorting cut two adjacent bars or
by learning the "pattern® of which elements carried ourrent and which
did not. ) -
‘ A system of ocam operated microswitches programed the sequence
of stimuli. These oould be overridden by manual switches if desired.

D. FPROCEDURE .
| A total of 14 male. swiss-albino mice weighing between 20 and

‘28 grams vere selected from a colony for the rapidity with which they . '

mastered avoidance training. These animals were ‘av',on two \_ncks of
'aoquiuuon training of 10 trials per day. At the end of this period
all vere performing at least 8 avoidance responses out of the 10
trials, .' ;

‘ The oconditional stimulus (CS) was & 15 watt incandescent bulb.
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Five seconds following the onset of the CS the unconditional stimulus
(US) was presented. This consisted of a 1 to 5 milliampere shock
delivered to the grid through the high resistance "scrambler® system.
Both the CS and US remained on until the mouse escaped into the op~
.posito compartment. In the event of a succesaful avoidance response
“ jtho CS was terminated when the mouse crossed through the door in the
'contor partition. The intertrial interval was one minute.
The mice were divided into experimental and control groups of

7 animals each. An attempt was made to match the members of oach.
group as to percentage of avoidance responses, reaction time and the
'nmbor of spontanecus crossings exhibited during their two week ao=-
’quilition training. Seven additional days of acquisition training
were given and then on the 8th to 13th days extinction training
ocourred. During the extinction period the US was no longer pre-
‘sented if the animal failed to make an avoidance response and the CS
vas terminated in 5 seconds. .

On the 8th, 9th and 10th days of this 13 day period (corres- ‘
ponding to days 1, 2 and 3 of the extinction training) the members of
the experimentsl group were injected intraperitoneally with the test
compound 30 minutes prior to that dey's session. The animalg com=
prising the oontrol group received injections of isotonic saline.

mn«(andthooxpmur)mdlomdurutontu"
14th day. On the following day aoquisition trials were sgain 1nat1; ,
tuted and the 13 day cycle was repeated.

| The initial ooncept for this series of experiments was to

continue testing the original 14 mice wiﬁh repeated 13 day cycles. -

L
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One effective and one ineffective dose (the former 100% greater than
the latter) for disrupting the conditioned avoidance response (CAR)

'was to be established for esch of the 6 test compounds. A disruption

of the CAR by a particular drug was said to occur when the correct
number of avoidance responses for the experimental group was signifi-
cantly below those made by the control group during the 3 days of
drug or saline injection.

As testing proceeded, however, an unforeseen conflict situa-
tion inherent in the design of the experiment resulted in the loss of
4 of the original 14 mice when their level of correct avoidance re-
sponses fell below usable limits. This situation was probably engen-
dered by the fact that during extinction training the mice were no
longer shocked for failure to cross to the opposite compartment prior
to 5 seconds after onset of the CS. In this situation punishment was, .
‘in a sense, "avoided" even though no crossing was made; this poa;-.
tively reinforced a behaviorsl pattern for which punishment had ori- .
ginally been given and a‘oonflict.rosultod. One additional mouse m'
lost when death resulted from an injection of one of the compounds.

At the completion of the first series of compound injections,
in which all 6 compounds were tested at approximately 25% of their
I.Dso, only 9 mice remained out of the original 14 animals. Because
of this situation the design of the experiment had to be changed at
this poiqt. Tho 5 mice showing the consistently greatest number of
correct avoidance responses wers now assigned permanently to the

"experimental® group and the remaining 4 animals served as controls.
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E. RESULTS
The effect of various doses of the 6 test compounds on the
avoidance-escape situation for mice is graphically presented in
figure 2. Inspection of the individual graphs comprising this figure
reveals that during the 3 days of test injections there was, in rost
cases, a definite de.crease in the number of correct avoidance re-
sponses in the experimental group. The performance usually returned
to near pre-compound levels on the following three days. Ixi con=
trast, the control group either showed little change in prefdrug
levels or various degrees of decline in the percentage of avoidance
responses during the entire six day extinction period.
| The first series of experiments in which the test compounds
were injected at 25% of the LD50 were performed with "matched" con=
trol and experimental groups, insofar as was possible. The data was
therefore tested for significance by comparing the mean responses ot

the controls to those of the experimental group for the three days on

which injections were given. This data is summariszed in table 3.

From this point the control and experimental animals were no
longer varied and, as previously mentioned, 4 mice served permanently
as the control group and 5 mice permanently as the experimental group.
The results of these 13 experiments (columns 2, 3 and 4 in figure 2)
were tested for .a:lgn:u‘icant variation by comparing the mean response
of the 5 experimental animals during the 3 days when injections were
given to the mean response of the same animals on the succeeding 3
days. The statistical analysis was made in tem'ot "pairedA"_ data
and the results are suxmarized in table 4. |
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The ordinate for each graph represents the mean number of correct avoid=
ance responses. The abcissa represents days of testing,

Arrows ot days 7, 8, ond 9 signify drug injections at the dose Indicated.

Experimental mice are represented by open circles and solid lines; con-
trol animals by filled circles and broken lines.

Acquisition training was in force on days | through & extinction train-
ing on days 7 through I3,

Figure 2
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TABLE 3

Comparing the mean number of correct avoidance
responses for control and compound-injected mice
during the first 3 days of extinction training.

(10 trials/dey)

DOSE CONTROL EXPTL.

COMPOUND  gMAg < MEAN = _MEAN, D.F. Mt B
AVPHETAMINE .02 27.2 10.6 8  3.009 .02
MESCALINE 2 2.2 4ed 8  5.668 .01
MDA .04 29.4 48 1 9.220 .01
TMA .20 26.0 7.7 12 3.80 .01
MMDA 16 21.5 8.8 9  3.607 .01
' DMA 2 2.2 2.8 9 3440 .01
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TABLE 4

Comparing the number of correct avoidance responses in mice on
the first 3 days of extinction training, during which the test
compounds were administered, to the number of correct avoidance
responses on the three succeeding test days.

(n=35) (10 trials/day)
STANDARD

DOSE MEAN  ERROR OF :
COMPOUND pM/kg DIFF. MEAN DIFF. M" P(d.f=4)

AMPHETAMINE .07 ‘.8 3.910 1.739 not significant

MESCALINE .100 16.6 4.010 4.130 .02
050 not significant by inspection

MDA 020 4.2 4483 3.168 .05
010 148 4.669 3.169 .05
.005 not significant by inspection

m Qoso 20.6 3 om 606& 001
025 2.4 1473 16.564 .01
010 8.6  3.592 2.394 - not significant

MMDA .080 16.4 3.316 4945 01
040 12.8 6.67 1.918 not significant

MA . J00 17.2  4.278 4.020 .02
050 not significant by inspection
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The first group of experiments in which the test compounds
vore injected at 25% of their LDsg showed highly significant de-
creases in the mean number of correct avoidance responses made by the
members of the experimental group as compared to those made by the
controls.

' In the second group of tests (second column, figure 2) the
'compounds wers reinjected at one=half the original dose. As shown in
table 4, only anphetamine failed to produce significant results.

: As mentioned above, these and all subsequent experiments ana=
" lyzed the responses of the experimental group during extinction
training by comparing their performance during the three days of drug
injection to the succeeding three day period. '

The third round of experiments (third column, figure 2) saw '
mescaline and the four amphetamine derivatives administered at one~
half the preceding dose. ‘Only TMA and MDA produced significant ef-
:roct;' at this level.
| In the final tests (last coluan, figure 2) THMA and MDA were
again injeocted at a ‘dose reduced by 50%. Neither compound elicited .
‘significant changes in the mean number of correct avoidance

responses.

F. CONCLUSIONS .

The fact that experiments are available for all compounds at
‘doses producing both significant and non-significant effects permits
a rough quantitaﬁvo estimation of their relative potency in terms of
disrupting the avoidance behavior of mice during extinction tx;ain;lng.'
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As can be seen by inspection of table 5, MDA is the most
potent compound in this regard. Among the amphetamine derivatives,
TMA was ranked second and proved to be approximately 2 1/2 times less
potent than MDA, while MMDA was 8 and DMA 10 times less i:otent than
. the most effective drug.

Among the two reference compounds amphetamine disrupted the
CAR at a dose comparable to that for TMA; mescaline was less effec-
tive than amphetamine and was similar in potency to DMA. .

These results indicate that the amphetamine derivatives dis-
rupt avoidance conditioning in mice in an order which is roughly
similar to their relative potency for producing hallucinations in man.
The two compounds MDA and TMA are significantly more potent than DMA
in both situations. MMDA vas slightly more active than DMA in mice
but unfortunately no conclusive information is available concerning

the hallucinogenic potency of the former compound in man. As previ=
ously reported, Alles (1962), experimenting on himself, judged MDA

t0o be 2 t0 3 times less potent than TMA for producing threshold sub-
Joctive effects and in mice the former compound proved to be 4 times
less potent than the latter,

0f the two reference compounds, the results obtained with mes-. .

caline in mice apparently relate to the human situation since this
:compound 1s significantly less potent than qither MDA or TMA in both

! .
.sdtuations. Reduction of avoidance behavior in mice failed, however, °

;to differentiate amphetamine from the other test compounds. Ampheta-

mine is not considered to be primarily a hallucinogenic agent in man |
and yet in mice it exhibited an activity comparable to that of TMA-
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TABLE 5
Comparing doses of the test compounds which produced

significant decreases in avoidance behavior in mice
wawa GOS8 produeing no significant changes.

DOSE (mM/xg) Producing:

Compound : Significant . No Significant
; ) _ Decrease Change
| MDA 010 _ .005
T™A .025 . ,010
MDA .080 C .040
DMA : .100 " .050
" AMPHETAMINE : . .020 ' .010

MESCALINE . +100 ; .050

..........
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mu ds a potent hallucinogenic agent in man.
! A close correlation apparently exists between the toxicity of : .
the amphetenine derivatives and their effects on avoidance ocondition=
ing. A comparison of table 1 vith table 5 will reveal a very similar
‘Tanking as given both by the LD, values and the relative doses of '
.thuo compounds necessary for disrupting the conditioned response.
The spread in the range of the toxic doses is not so marked as in the
avoidance situation but the amphetamine derivatives fall into approx=
_imately the same relative order for both tests. The results for I.l-‘
‘caline also sgree rather closely. Amphetamine proved to be the most -
toxic compound in mice but had only one=half the potency of MDA for
disrupting avoidance behavior; hovever, its LD, value vas cdcnhtod
for animals housed in groups of 4, rather than singly, followving in- -
Jjection. Chance (1946) has shown that the toxicity ot' amphetanine is
markedly increased by aggregation of the test animals. If our test

had been conducted on singly housed instead of aggregated mioce,

LN

nphotnim would no doubt have proved to be somevhat less toxic and

thus oould conceivably have shown a better correlation between its
‘toxieity and its ability to disrupt avoidance conditioning. ’
| During the test runs the mice often "spontanecusly"” crossed .
' tmommtumothrpﬂprtoomtotthocsmmuo’
the number of such crossings was recorded for each experiment the :
data did not yield any significant information vith regard to drug
effect. It was known that several of the test compounds were capable

‘of producing potent loocomotor stimulation in mice (Fairchild, 1962)

'and 4t vas hoped that the.crossing rates would reflect such stimula=’
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'uoq. Rach mouse, hovever, reacted to the test eompounds in & fash= ,
ion characteristic for him by either showing an increased or a de- i

. |
creased rate of spontanecus crossing during the three days of com~

pound injection. ' ‘ I x

. DISCUSSION | ?
‘ Numerous publications in the literature report the effects of :
halluecinogenic agents on animal behavior. A large number of these
tpapora are concerned with the activity of psychomimetic compounds -
other than mescaline, especially LSD-25. While the importance of .
this information 1s recognised it will not be discussed. Since the :
1uvut1¢atiom. we performed in mice were concerned with the activity '
of amphetamine derivatives, vhich are mescaline-like compounds, 'o'nly ;
‘those reports dealing specifically vith mescaline will be considered.. a

!

Mo attempt vill be made to gemeralise the results to include hallue
‘cinogenic agents as a vhﬁlo.

| There are essentially two types of observations made concern=
ing the effects of drugs oh animal behavior; in the first the com= |
‘ponnd is administered to an animal and changes in the "spontanecus®
behavior are noted; in the second type the animal is conditioned to |
perfora a specific "learned® behavioral rnpom' and dru¢ effects m
:Judpd by alteration of this performance. ' l
| Under the first type of observation the following papers can
be considered. Witt (1951) reported that mescaline decreased and
LSD=25 increased the acouracy with vhich a spider formed its wedb.
Sturtevant and Drill (1956) injected mescaline intraventricularly ’
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into cats and dogs and observed a number of nutoﬁonic effects which
preceded the development of long lasting catatonic states. Maffii

" and Sonoin (1958) described a stereotyped "ear scratching” produced
by mescaline in mice and showed that its incidence was dose related. )
Deegan and Cook (1958) reported that varicus tranquillising agents -
antagonized this scratching phenomena. Haley (1957) injected mes-

[}

caline and LSD "intracerebrally® into conscious mice; the former druz' _

produced aggressive behavior and paroxysms of ear scratching tollouoqf
by depression while the latter compound resulted in initial hyper=
exaitability followed by long lasting stupor.

T In addition to the publications mentioning changes in "spon- K
tnmna'bohﬂorthonmnnmborotnpominthonmnm :
concerning the effects of mescaline on "learned" behavioral pnttom :
'Sivadjian (1934) injected 100 mg/kg of mescaline into a rat trained
to avoid a shock by leaping a barrier. After receiving the drug tnis

nnimlmroportodtohanruct-dtoatomjuntuifitmroﬂu:--'-.

shock itself and experienced what Sivedjian termed "a hallucinatory
crisis.” Courvoisier (1956) confirmed this observation in lbr\nc.ln

Pibald rats which, according to this author, are quite sensitive to

mescaline; following intramuscular injections of mescaline (neither
salt nor dose stated) these animals stopped climbing a rope to avoid
shock and reacted to the tone (CS) with a "veritable dementia” con- '
sisting of squealing, leaping up and down, biting the grid bars, etc.
Unoconditioned rats showed only increased irritability to the tone. :

Bridger and Gentt (1956) studying a classically conditioned leg '
flexion in dogs reported that 70 mg/kg of mescaline injected intra= .

030 AVNANIAL toyy *
H-E \'t. 1o »‘-‘ sore. LA GO0

59



muscularly essentially eliminated this conditioned response; tho. drug
'nlso caused these animals to bark or howl on presentation of the tone
(CS), & behavior they normally exhibited only to the shock (US) it~ °
vulf. " These observations are similar to those deseribed by Sivadjianl
‘(1934) and Courvoisier (1956) for the rat and seem to indicate that
fxnucal:l.ﬂo somehow increases the potency of the CS to the point where .
it begins to take on properties usuaslly associated only with the US. .
Somewhat similar observations were made by us in mice. Locomotor de=
‘preuion vas commonly observed in unconditioned animals following
fu;ucdinc injection., Conversely, mescaline usually produced loco-
motor stimulation in mice conditioned to avoidance behavior. This
:appmnt stimlation was more or less constant during the time the '
,Eumnh wvere in the behavioral apparatus and did not normally show a |
.sharp .1ncrouo on presentation of the CS. In this latter respect, |
our observations differed somewhat from those discussed above. '
" Mafrii (1959), using an apparatus originally described by

Cook, Weidley, Morris and Mattis (1955), conditioned rats to avoid a .
shock by leaping onto a vertical po.].o. A tone was used as the CS. |
. :According to this investigator, after the avoidance response had boonf
‘established, additional trdh:lnz often resulted in the formation of . ,’
wvhat was termed a "secondary conditioned response® which was charac-
" terizsed by a jumping reaction prior to presentation of the CS. Mes- :
caline injected intraperitoneally at 33 mg/kg was reported to inhibit

selectively the secondary conditioned response without affecting

‘either the primary avoidance or the unconditioned response. This
study is difficult to interpret because Maffii's secondary condition-

© siann ap. ®
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1 response is not clearly defined. He did not describs the nature
of the intertrial interval employed but if it were constant the so=
called secondary conditioned respomse could actually be temporal con—i
ditioning witl tae sninmele resposding tc a fixed time intervel be=
tween shocks. A conatant interirial interval of cne minute, in our
experiments, produced temporsl condlitioning in a number of mice.
However, mescaline sulfate at .10 m¥/kg (approx. 30 ng/kg) did not
unilorzly deerease intertrial responsa rates (ia some inctances ine
creoases were observed), although it sismificantly depressed avoidance
behavior et this dose. To the extent we understand the terms used by
Maffii our results would secem to indicate that the interaction of
mescaline with intertrial responses azd avoidance behavior is not as

clear cut in the mouse as he irdicated for the rat, where one re-

sponse could be selectively eliminated without effecting the other.

Among the publications concerning the effects of mescaline on ?

"lsarned! responses we were fortunate enough to discover the doctoral: K

thesis of S. L. Chorover (1959). This investigator described four
experiments ip which mescaline was shown to inhibit conditioned be- ;
havior. Among these four. tests the drug caused its most pronounced
effect when given during the extinction of a conditioned avoidance
response and for this feason wve decided to pattern our experiments

along these lines. Chorover conditioned rats in an avoidance situa- |

‘tion using a two compartment shuttle box. The CS was a buzzer and

the US an electric shock and the animals were run until they reached

a criterion of 907 correct avoidance responses. Extinection training

was then instituted during which failure to respond to the CS was no

3
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longer punished by shock. One group of rats received intraperitoneal
injections of 25 mz/::ig meecaline sulfate (.09 mM/kg) on the first 4
days of extinction traininz. These animals ahowéd an Media‘bé end .
complete exiinctlon of the avoidsance response on ths first dey of
drug irjcction. The porcentage of avoidence behavior remained ap-
proxizately zero for the next 3 days of mesccline administration and
&l50 Suring the succeeding 11 days of tosting during which no drug
was given. 4 control group, injeeted with rormal saline, showed a
tysical oxtinction pattern with a gradual decrease in the number of
évoidance rasponses during the 15 days of extinction training.

Cur experirental situation differed from Chorover!s in several

major respects; for instance insteed of rats we employed mice; thers
were several reasons for this. In the first place complete toxicity

data in this species was available for the test compounds and second=-

ly approximately 10 times as much of these compounds, on a per kiloe

gram body~-weight basis, would have been necessary if rats wers used. ’

This latter point was of importance since some of the compounds in
the series represented much lsbor by Dr. Alles and his staff and it
was desirable to use them as sparingly as possible. Bscause of the

‘wall known effects of mescaline on the visual system we decided to

use & visual rather than an auditory CS. Our period of compound inw
jection was 3 rather than 4 days. Since we were primarily interested
in using behavior to compare the effects of compounds rather than en~
ploying the coxpounds to investigate behavior, per ss, our peried of
extinction trafning was shortened from 15 to 6 days.

In gpiic ¢f Lifferonces in both procedwral mattors and andmal
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species a degres of similarity still exicted between the results ob-
tained by Chorover end thosc obiained by us. In both situations mes-
caline injected at approximately .10 mM/kg markedly depreswsd sopdie = -

tioned avoidance behavior during extinction training; bowever, rats,

as tcsted by Chorsver, secxcd a gocd deal more sensitive to the drug
than did the mice used in owr oxperiments. 4s mentioned above, the
-l At

23t exhibited o gimost eemplets locco of the condiiloned response

which extended wsll past the peried o mescaline injection; mice, on

the-other hand, although showing sirnificent depression of avoidance

ﬁehavio: dwring the 3 days of ccapound injection exhibited almost

‘ ceuplete rocovery ox the following 3 days.

? In eddition to the experiments where extinction training vas
started simultaneously with administration of mescaline, Chorover ran

\ enother group of enimals in which extinction was not started until

: after the 4 days of injection had been completed; these rats were ..

| simply retwrned to their cages during this period after being injeo= - .

ted with 25 mg/kg of mescaline. Their extinction rate was almost '

identical to that of the control group. Chorover interpreted .;thno

rasults as indicating that the interaction of mescaline administra= -

tion and extinction training was necessary in order to produce sup-

pression of avoidance behavior in the rat and concluded that the

persistence of this effect beyond the period of injection was not

residual drug activity. He states that, "the animals are capable of .‘ a

: “sansferring the 'new rules of the sare! (i.e. that the US no longer |

: fellows tio CI) %o the post-druy tri:l..* If such an dmterprotstion

vers tuvs o 3 would have to eomolul: c v nice are evidently aot cope
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able of meking such a "iransfor" since in our experiments, although

iha tost compourds caused significant depression of the CR, ia nico

there was almost complete recovery of the response on the first dsy ‘

fcllowing the perled of drug injcetion.

The mejor difficulty encountesed during owr behavioral experi-
ments hes previously beea mentioned (pert D of this chapter). An une
Ssrescen soaflict situation inherent in the design of the experiment
weakened the conditioned response in a number of mice to the peint
where they bed to be eliminated as experimental subjects. This seri-

ously rcduced the number of animals participating in the test and

necessitated a-change in procedure during the course of the investis-

getion. Wnile statistically significant differences could be obtaine

¢d under thase conditions the situation was certainly marginal; had
one edditional animal been lost from the experimental group the ‘.tests
probebly could not have been conpleted. It seems evident that re- .
peated cycles of zcquisition and extinction training in mice, at
least under conditions of our experiment, are not a satisfactory
methcd for comparing the activity of a series of drugs on avoidance

behavior.

H. SUMMARY

The test compounds decrsased the number of correct avoidance
responses during extinotion training in mice conditioned to avoid a
shock by crossing from the illuminated to the nonilluminated compart-'
ment of a shutile-box. MDA proved to be the most potent compound in .

N,

thig regard cxong the 4 amphetamine dorivetives; TA had 5CE, DDA
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had 12% and DMA had 108 of its szetivity. This order of potency has a
rough correlation with the ability of these compounds to produce
hallucinatory phencmena in men.

In considering the rofircnce compounds, mescaline seemed to
ermec properly in both the humen and the nmouse, but amphetamine did
nov. The latter drug, while merkedly disruptingz avoidance behavior
in mice, does not normally producz hollucinations in man.

a3 order in which thc tast ccmpounds-disrupt avoidance be-
Lovics ~irice Lg very similer to the order of their toxicity in the

in et
sema sseslec,
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CIAPTER IV

THE EFFECTS OF THE AMPHETAMINE DERIVATIVES
ON SPONTANTOUS BRATN ELEGTRICAL ACTIVITY

IN THE 2luscitls ot

Ao INTTODULTTON

As previously mentioned in Chapter II, mescaline and the
exphetanine derivatives exhibited thc sroperty of reducing the
amount o ongzoing brain elcetrical eciivity in the tortitelized cat
fellewdnz close Intracarotid inlccticn. In addition, TH4 and MDA
were more potent than DML and mescelinz in tpis regard. This fact |
futoresicd us sincs the oxder 2 acfivity was somewhat analogous to
tie hollueinczenic potency of these compounds in man.

Prior Lo pursuing the effects of the test compounds on spon=
taneous brein electricel activity in the snesthetized cat, we becanme
aware of the work of Adey and Dunlop (1940) who analyzed changes in
behavior and in the electro-encephalogram (EEG) of conscious cats ine
duced by two cyclohexamine derivatives; they were 1-(phenylecyclohexyl) f
pireridine monohydrochloride (CL-395, Sernyl) and n-ethyl-1-phenyl
cyclohexylamine monohydrochloride (CL-400, cyclohexamine). These
compcunds were originally tested and used as analgesic agents in ‘
major surgzery but arse rarely employed todasy because of the marked
mentel disturbances they produce; hallucinations slong with delirium
and odd behavioral patterns have been reported (Lear, Suntay, Pallin
and Chirer, 1959). Ia the conscious cat these compounds resulted in

-’

CisTupiion of crsroach behavior In o C-maze which existed similtane-
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ously with mariked elterations in the electrical activity of various

deep structures in the brain., These electrical patterna consisted o©.
fast activity slternating with irregular slow waves & '
charges and were centered in the hippocampal system.
The interesting correlations publi;'.hed by Adey and Dunlop
(1980) setween alterations in brain clceirical activity end simultanc-
ous disruptions of behavior produced by the cyelohexamin: type halluw
cinogenic agent intrigued us since our test compounds had also cauged '
EEG chanzes in the cat and were able o disrupt avoidance behavior in‘
the mouse. (Caepters II and III. |
Althoush we were not prepared to itrain cats in a T-maze, it
wes deeided to analyze the efzcis of the test compounds in the con=
sclous animel to determine if elterstions in the electrical ac‘bivity
of daep structures, similar to those rroduced by the cyclohaxaminea,
would occu=; hopefully, such za alteration might reflect quantitativo', -

differences between various mexbers of the drug series.

Vith the kind help of Dr. Douglas Stuart (Veterans Administra~.

.tion Hospital, Long Beach, California) the necessary techniques were :
mastered for meking preparations of this kind and 8 cats were subse-
quently prepared with chronically indwelling electrodes :lmélantod in
verious decep structures of the brain. Cortic'zal recordings were also |
taken from electrodes within, but not through, the skull. 1
In general, it was subsequently demonstrated that the anphota- |

nine derivatives and one of the refercnce compounds, mescaline, did .

indeed prewice morked changes iz the cujoing electrical activi ty in

.

tho bocin of the conscious cat. These cianzes were inm the nature of




an increase in amplitude and decrease in frequency as compared to the

predrug wave forms; the high amplitude, slow vaves otten appeared as
hypersynchronous bursts at frequencies betveen 2 and 10 eyel

seeord which aliternated with low voltage, fast activity. Figure 3
12lustrctes these potteras for threc of the tost compounds in cne
cat. MAliterciions in brain cleciriczl zotivity coexisted witlh what
apnearcd to bs & hisghly alert, ané parcdexically, immobile stats in
the animal.
™ae other refercnce compound, cmphetanine, alco produced a
hizh Qezree of behavioral alerting but had just the oprosite eflects ' ;

g

o2 mesczline and the zmphetamine derivatives im that 1t caused marked

an; wlluctuating incresses in the frequency and reductions in the
ezplittle of onzoinz brain electriczl cctivity; this is the well
known "dcsynchronizinz® or Malerting® effect of emphetamine on the
EEC. (Hisbel, Bonvallet, Huve end Dell, 1954; Rinaldl and Himuich;
1955a.)

In the hope of getting cuantitative data cbncdrning the of=
fects of these drugs on brain electrical activity an 8 channel fre-
quency analyzer was constructed; this instrumeat wes then employed in
analyzing the alterations produced by the test compounds in 6 of the .

8 chronically implanted cats. Thres cats were employed in msking a

comparison between the control ZEG raecord taken during a pericd when

the animals were forced to remain alert and a post-injection record ‘é

in which the druz nroduced the alerting. Another group of three cats )

was conditioned s a tone paired with an air blast walch was deliver-

ed to the anircli: via a pair of limp, rubber Wflapzor® wibes. In

[
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{ these animals an attempt was made t0 analyze the effects of the test
compounds upon the electrical and behavioral manifestations of the '
conditioned and unconditioned response and to quantitatively eatimate *35
their relative potency for altering the frequency distribution by

Rt
g

comparing the regression coefficients on the analyszer channel nuxbers.

B. JINSTRUMENTATION AND MSTHODOLOGY
1. IThe Freouency Apalvser _
This instrument was designed for us by Dr. Donald J.
Jenden of the Department of Pharmacology. Without his ex-
~ pert knowledge and unselfish contribution of his valuable
tize this phase of the investigation could not have been
undertaken. The actual construction of the instrument ves .
performed in the electronic shop of the Biophysics Departe
ment. We owe Mr. Dewig and Mr. Saith of that department a
debt of gratitude for mumercus, helpful technical sugges-
tions. | '

The analyzer primarily consists of 8 tuned AC
amplifiers coupled to appropriate rectifier and nugnui
circuits., PFigiure 4 gives the schematie disgram for these
units. The resistor and capacitor valves as well as the
frequency response of each channel are shown.

The input signal for the analyser is taken from one
side of the last stage of the preamplifier incorporated in

.the Grass Model III D electroencepholograph. This gives
approxizately a 250 fold amplification of the voltage
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fluctuations seen by the electrode implanted in the cat's
brain, This amplified signal is then fed into a primary

' amplification stage in the analyser vith a gain variable

between O and 70 which serves as a control of signal inmput
level. All 8 channels are in parallel with this output.
Each tuned amplifier selecis the AC frequency correspond=- |

ing to its band pass filter, amplifies and rectifies it to

DC and integrates this current for one minute. The output
capacitor is then discharged through closure of a relay to
a cathode follower output circuit.

The sequence of the & discharging relays is con- ;
trolled by microswitches actuated by cams driven by a syn=
chronized motor. Each channel is mﬁentially dischargod
to the output circult once esch mimute. The write out
time is approximately one second per channel. hchchan- '
nel is resst by the relay which follows it in sequence 8o K
that the total integration time for each is oconstant.

The output of the cathode follower varies betweea O
and 20 volts. A portion of this low impedance output is -
led through a voltage divider utg an Esterline-ingus
Model AW Recording DC Milliammeter.

"mmwpummtputwumotthof
tuned smplifiers can reach approximately 32 wvolts DC under
the operating oconditions employed. This was equated to . ,

" approxizmately a full soale deflection on the recording

aynozx'aph. " Bach channel wus then balaanced by adjusting

-t OGde




2.

the blas voltage on its amplifier so that at a given set~
ting of the primary amp}iﬁer an input signal of 8 milli-
volts with a frequency corresponding to the peak transmise
sion point produced a 50% scale doflection on the dyno-
graph. The analyzer was calibrated in this ta.shion before
and after each experiment to insure equal amplification in
all channels over the time period involved.

A certain amount of drift in the amplifier balance |
at reset or Suo 1line conditions ocourred and this was ‘
checked periodically throughout the o:;perinent.
Implantation of Chronic Electrodes in the Cat

Cats of either sex weighing between 2.8 and 3.2 kg'
Qere selected as subjects. The animal was anesthetized
with an initial dose of 35 mg/kg sodium pentobarbital.

The head was clipped, shaved clean, scrubbed with sosp and

wvater and wvashed with alcohol. The cat's head was then
mounted in a Trent-Wells Stereotaxic Apparatus and a mide -
line incision vas made extending in an anterior=posterior
direction from approximately the junction of the frontal
and nasal bones to the cephalic aspects of the sagittal
crest. The skin was dissected free from the underlying
muscles and pulled back. The temporalis muscles were care-
fully cut along their insertion on the medial aspects of .
the parietal bone and reflected back from the skull. This

" exposed most of the corsal aspects of the parietal bone as
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anterior to the coronal‘ suture. The area was isolated
with gauze packs and the periosteum was scraped from the
bexa. QFrom this point on care was taken to keep tho fiedd
clean and dry.

Four 2 x ¢ nickel plated wood screws were screwed
into, but not through, the bone at the corners of the ex- /
posed fileld through drilled starter holes. Two of these
screws had insulated 40 gauze stainless steel wires sol-
dered to them. One was placed in the left frontal bon;- 5
or 6 nm. anterior to the coronal suture snd the other on
the dorsal=lateral curvature of the caudal aspect of the P
right parietal bone. These served as reference and pound
electrodes respectively. A bridge of Caulk's NuWeld den-
tal cement was then laid down to connect these four :up-
port scrows. This served to isolate the remainder of the
field from the skin and muscle and the dry packs original-
ly used in these areas were replaced with saline moistened
gauze. | ‘

The stgreotaxic coordinates corresponding to the
desired dimensions for electrode placement had been calou= '
lated according to the atlas of 5up¢r and Ajmone-Marsan
(1960). The anterior-posterior and medio-lateral coordin-
ates for the depth electrodes were then marked off on the
skull surface. Placement of skull electrodes were also
" demarked. Small burr holes were drilled tirough the skull
_ exposing the underlying dura in t&so areas in which depth .
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electrodes wers to be placed. Smell starter holes not

penetrating through the bone wore made at those sites cor-

responding to the desired skull electrodes. The dura ex- ‘

posed through the burr holes was carefully sectioned.
Subsequent bleeding and loss of cerebrospinal fluid were

controlled, using bone wax if necessary, and the field was

/
again carefully cleaned and dried.

Dopth electirodes were bipolar. They consisted of
two insulated 40 gauge stainless steel wires affixed t§~;
section of stainless steel tubing insulated by 6 to 8
coats of Epoxylite 6001-m electrode insulator which had

been successively baked on in an oven maintained over 140°

C. The wires were cut 2 mm. below the central shaft and
these sectioned ends represented the only electrically ex-

posed surface. The distania between tho tips vas appro:u- o
' imately 1 mm. .

These electrodes were stereotaxically positioned

over the proper burr hole and carefully lowered past the '

sectioned dura to the proper depth within the brain.
Bleeding was controlled when necessary by small pieces of
Celfoan packed into the burr hnl‘. The area was again
carefully dried and the electrode secured in position with
dental cement. When the cement had dried sufficiently, °
the electrode carrier was carefully removed, the wires

" were stripped away from the central shaf. which was then

sectioned close to the skull. This procedure was repeated

.
‘A Gaes
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until all deep electrodes had been positioned.

Cortical or skull electrodes consisted of 0 x ¢
round head, nickel plated wood screws to which a length of
insulated 40 gauge stainless stesl wire had beea soldered.

These were screwed into the proper starter holes and )

covered with dental cement.

The wires leading from the various electrodes were
now soldered into two nine pin Winchester MGS octagonal
plugs. These plugs were positioned one behind the ot&r
some 5 mm. apart in the midline and the superstructure of
the implant was built up around them by successive layers
of dental cement. After sufficient time had been alloved

for drying, all edges of the implant which would come into

contact with tissue were carefully polished with the drill
to eliminate any rough spots. The skin was closed around

the implant after carefilly flushing the field vith saline -

and exploring for foreign matter which might have becoms

lodged between the temporal muscles and the skin or skull |

during the,oou?so of the operation.
Careful post=operative nursing care was given the |
:nimla since the procedure was x;olativoly lengthy and
considerable central trauma was no doubt sustained. Most
aninals fared well and only two cats expired out of ten

attezpted. One was lost during the course of the opera-

" tion and the othor died shortly after'it had baen removed
_ from the stereotaxic apparatus. N
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C. COMPARING PRE-DRUG AND POST-INJECTION ALERT STATES

4

1.

nenter.

Erocedure
Three female cats with chronically implanted eleo-

trodes were used in these experiments. They were housed

in a Faraday cage during the recording sessions; this
screened enclosure was covered on the top and three sides
by black plastic sheeting and was brightly illuminated
from above. The laboratory was maintained dark. Such an |
arrangement permitted easy observation of the animal and |
these conditions limited the visual field of the cat and
to some extent directed its attention toward the experi-

The sockets on the animal's head were connected 'by
cables to a Grass Model III D Electroencephalograph and
through cne of the preamplifiers of this instrument to thc '

'-froqmqr analyzer. The cat was isclated from cage ground
by a glass plate occupying the entire floor of the Farsday

cage and was connected to a machine ground through its
right temporal electrode.

Folloving calibration of the analyser and electro- '
encephalograph quiet was minmmd in the laboratory
until 30 :mntu of analyser record had been taken during
wvhich the cat was obviously "drowsy" or "asleep.” The
anizmal was then alerted by illuminating th. laboratory and

" allowing it & clear view of the experimenter. The alert

state was maintained while another 30 minutes of snalyzer



record was obtained. In addition to the continuous ana-
dyser record, which gave mimute to mimute integrated pat-
terns of one 1n;(.racerobrnl electrode, &6 channels of stand-
ard EEG recordings were periodically taken froa various
deep and surface sites. '
Following the Wwo "control® periods the cat was in-
Jected intraperitoneally with a dose of one of the test
compounds dissolved in 2 ml. of distilled water. Two 30
minute post~injection records were then taken. The first
- of these ran from 30 to 60 minutes post=injection or
Pwmmtpointintm;tvhichmmlyuruo-
'.ord exhibited obvious changes. The second record was usu-
ally obtained several bours later and, if possible, at a
tine when drug induced changes sppeared to be sbating.
Drug induced physioclogical and behavioral changes were .
‘recorded as observed. '
2. Electrode Placenments
Sat CI=2
FPemale, short~-haired, steel blue weighing 3.0 kg.
. The electrodes were calculated to be in the follow-

n’loutiou (Jasper and Ajmone-Marsan, 1960):

AREA SIERECTAXIC CQORDINATES

Right Midbrain Reticular Formation P+ 3.0 L3  E-1,0
Right Dorsal Hippocampus ' M40 L6 B0
" Laft Dirsal Hippocampus . Rr 4.5 LS. BLS

Cortical electrodes were placed bilaterally in the froatal
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and occipital areas.

Lat Cl=4

Female, short haired calico weighing 3.0 kg.

AREA SIEREOTAXIC COORDINATES

Right Midbrain Reticular Pormation P+ 3.0 L3  E-1.0
Left Dorsal Hippocampus B+ 4.5 LS Be7.5
Right n. Medialis Dorsalis

of the Thalaxus B 7.5 L2 3.5
Left Amygdaloid Area . Fe 4.0 110 Ee6.0
Left Septal Area Fe 14.5 11.8 H4.5

; Cortical electrodes were placed bilaterally in the fron-
tai. parietal and occipital areas.

Lat CI-5
Female, long haired calico weighing 2.8 kg.
AREA STERROTAXIC COORDINATES
Right Midbrain Reticular Formation R 3.0 13  E-1.0 .
Left Dorsal Hippocampus P 4SS L5 BT.5
; Right Dorsal Hippocampus B 4.5 L5 - Be7.5
? Left Septal Ares - P+ 13.0 L1.8 Bed.5

Cortical electrodes were placed bilaterally in the fron-
tal, parietal and occipital areas.

A histological check of the suboortical electrode
Placements has not been completed. The frequency shift
tovard slov vave, high amplitude activity vas so generale’

" 4sed throughout all recording electrodes (see figure 3)
that precise location is not ouullual':or the present - .
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3. Ramilts
* a) GCeneral Considerations
A number of parameters can be observed during
experiments of this kind. Since the animals are un-
anesthetized and essentially unrestrained a host of
gross behavioral and physiological changes result tm i
administration of the four amphetamine derivatives and
the two reference ogmpounds, mescaline and amphetanmine.
Some estimation as to the degres of these effects |
- could be made and on this basis relative drug poten-
cies might be assigned. Quantification of such geney-
al information poses a difficult problem, omcidl}
vhen dealing vith a small group of animals and for
this reason, with but one exception, no attempt will
b; asde t0 do so. This exoeption involves the state
of "alertness” produced by the test compounds which
has been given an arbitrary importance in the quanti-
tative comparison of a more cbjective measurement, the
frequency uulyuio'& the ongoing brain electrical
activity. In order to compare adequately the pre-drug
and post=injection frequency analysis it was desiradble
to select those conditions in vhich the control reo-
ords showed the greatest degree of consistency; the
‘alerted animal was deemed satisfactory from this '
__standpoint since the minute to minute analyser pat- ;
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terns showed striking similarity in this state. Pig-

ure 5, among other things, depicts a series of "alert"
control analyser patterns for each of the 3 cats used
in this experiment. It will be noted that the stand-

ard deviation of the frequency distribution is compare

atively lov during this period and that this pattern

is generally similar from day to day for any one cat. 3

In contrast, the "drowsy" control analyser patterns ° "
shov a larger standard deviation and & greater daily
variation in froquinq distribution. This is under-

- standable since a constant state of alertness can

easily be maintained by manipulation of the uninl'l
environment but the degree of drowsiness is lurgdy up
to the cat. ) '
Another important reason exists for chooain‘.
the alert state for control conditions; as prcviouly

mentioned, uccdim and the four smphetamine Mn-

tives although eliciting highly alert behavioral

'at.m, characteristically produce low froqmq M.gh

voltage vaves in the brain oloctricd activity, Sim-
ilar changes occur during nomnl *non-alert” states
and in general these become more promounced as the
animal goes from light “drowsiness® t0 sleep. Ocour-

muotmhpmuthmmlmmmu,' .

otoouru, intorfmwiththoudydootthodm
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From the above considerations it is epparent
that lov frequency, high veltage astivity eould eppear
. in the post=injection record as the result of either :
drug activity or normal drowsiness. In order to avoid
the latter contingency it vas decided to um;m..
those _oxporimto in vhich any upp"aront "drowsiness®
occurred during the post-injection period. Only those
. doses of the test compounds which produced obvious -
alerting were considered usable for purposes of quan=
titative oomparison. While this point vas arbitrary, -
* the stereotyped behavior produced by "effective® doses
otthotuto@oundcm 80 characteristic ﬂut'.uk-;
ing the decision "alert® or "drom m\mnnyu-- .
Ple. With few exceptions the cats which received an |
eoffective dose adopted a prone position with their
head up and all four limbs extended stiffly to ome
side. The facial expression was usually one of in=
mnm-.aocmmmmmmdop@
~ 4ts jaws and appear to hiss or pant. Often the cat )
“would stare slovly about the Faraday cage and then
suddenly fix its attention on some particular portion
of the eanvironment which it would regard with partiocu=
lar inteasity for a number of moments; during this
time it vas not unoommon for the cat to hiss and with
. drav 4ts hesd in a fashion somevhat akin to & defen~
e 8iVe maneuver. In & few instances snimals were °b'

’
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served to actually extend an cxploratqry pav toward o
that portion of their environment vhich spparemtly
interested them 80 highly. These phencmena occurred
in surroundings with which the cats were thoroughly

- familiar and in which non-drugged animals usually oon-'
ducted only brief explorations. Could these animals

be experiencing hallucinations? The desire to ansver '

| this question in the affirmative is very strong whgn

one has actually observed the above patterns of be-

havior. : |
Along with this relatively immobile but highly

alert state the four amphetamine derivatives and mes~

caline produced hypersynchronous bursts of lov fre=
quency, high voltage activity in the brain, as pre= .
viously discussed. However, amphetamine itself, vhile |
causing marked alerting in cats did not elicit high -
voltage, slov vaves in the ongoing electrical gcuvn'&
but, on the contrary, produced a "desynchroniszed” pcﬁ
tern composed of lov amplitude, fast vaves. -
~ 8ince amphetanine produced essentially the
opposite effects froa mescaline and the ua&diu—l,ikq
amphetamine derivatives, its activity in the central
.nomuvou-mjudpdtobo clearly different from
the former compounds and it vas no longer considered
from the standpoint of quantitative oupu'im of

! —....potency in these particular tests.
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D) Quantitative Estimates of Relative Drug Potency
The dorsal hippocampus was chosen as the loca~
tion in the brain from which the frequency analysis
was to be made; it showed marked hypersynchronous
bursting upon administration of the test compounds and
was also the region which exhibited a similar type of '
activify following administration of cyclohexamine
derivatives (Adey and Dunlop, 1960). .
As Burch (1959) has pointed out, one of the
greatest dificulties in working with the frequency
- analysis of brain electrical activity is in determin-
ing how to present the plethora of data in a concise
and understandable form. While we have not solved -
this difficulty our approach to the problem was ouo'n-
: t1ally to ‘abandon & very large seguent of the oollecte -
o o 1aformation and to work only vith that date eole
lected in the first 3 channels of the analyser. These
channels have maximum frequency responses of approxi- :
mately 3,.5, and 7 cycles per second and since this -
mghlymospondatothofgoqmrmotm
bypersynchronous bursting activity they could be em=-
ployod‘to oompare the amount of high voltage, slow
activity in the control and post=injection records.
“The data from esch experimeat vere handled by

" two somevbat sinilar methods. . 3
The first method involved a direct calculation

- Amane .
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of the percentage change in the post-injection period
compared to the oonirol and was accomplished in the
following steps: .

(1) The height of ‘the 30 dynograph recordings
for channels 1, 2 and 3 of the analyaer
were measured in both periods.

"(2) The measurements were 't«ot.alod separately
for each pericd.

(3) The difference between the sums in (2) vas
taken, divided by the sum for the control
periocd and multiplied by 100.

The results for this first method are listed in

table 6 under the columns headed "area." |

The second method involved a comparison of the

percentage of electrical activity appearing in the

first three channels of the analyzer to that occurring-'-

in all 8 channels during each period. The percentage .

change in the post-injection period was then calcu-

lated as 1n the first method. The procedure was an

follows: ' _

" (1) The heights of the dynograph Tecords for

' all 8 channels of the analyzer wers meas-
ured in both control and post=injection
periods. ‘ ' :

(2) The measurements taken in (1) vere totaled
for each channol..m_:"j | ‘



TABLE 6

Percentage of post-drug increase over the alert
contrel values for analyzer channels 1, 2, aad 3.

DOSE CONSCIOUS CAT CI-2 CAT CI-4 CAT CI-5
DRUG mM/ke __STATE  ARZA RATIO  AREA RATIO AREA RATIO.
T™MA 005 Drowsy 21.4 5.9 51.5 26.1 1.7 1.8
.01  Alert  23.7 12.2 103.6 - 51.0 82.1 23.8
MDA 005 Drowsy 35.4 10.0 45.7 - 8.2 18.4 .0
.01 Alert 71 149 70.4 34.0 45.2 1.6
W 002 Drowsy 5408 23.8 - - 7306 ut"
' .03  Drowsy - - A6.T 642 - =
.04 AMert 20.2 1.7 28.6 6.8 90.1 26.5
DMA .02 Drowsy 23.2 5.2 58.6 13.0 56.6 2.3
004 : Alert 1605 5.7 22.9 o 200 40.6 3.2
MESCA- 002 . Drow’y 19.2 3-0 - - - -
LINE ‘
004 . me - - 8‘01 . 20.0 1408 0.5
.08 Alert 2.7 6.4 36.0 . 7.6  T74.2 13.7.




(3) A grand total for each period was computed
from the results in (2).
(4) A subtotal for channels 1, 2 and 3 in each
period was computed from tihe results in
(2).
(5) The subtotals in (4) were divided by the
grand totals in (3) and multiplied by 100.
The results for the second method are listed in
tatle 6, under tae columns headed "ratioc.® '
A designation of sither "zlert" or "drowsy"
_will be found in table & opposite each dose of the
test compounds. The term "alert" indicates that the
animal was observed to remain in this state for the "
entire 30 minutes of the post~-injection pericd and
hence, for reasons previously discussed, this would be
considered an "effective” dose of the compound. ‘1’1}0
_term "drowsy," on the other hand, denotes an "ineffec~
tive" dose since the drug failed to maintain the ani-
mal in a constant state of alertness during this
period. ‘
| In order to obtain quéntitative comparisons of
the potency of the various amphetamine derivatives TMA,
the most potent compound in the series for producing
hypersynchronous slow wave activity in the brain of
the cat, was sslacted as ke standard. The “e{fec—

tive® dose of Ti. was found 40 ba .0l i and the .



responses it produced at this levcl were eguated “»
100%. The other test compounds were compared to TMA
according to the following formula:

drug response /TMA response
% TMA potency =( Gffective dose/ .01 m¥/kg dose ) X 100
in mM/kg

The results of these compafiscns are listed in
table 7.

0f the two reference compounds which have been
used in these experiments only the data for mescaline
are presented. Ampi-xetamine has not been included for
- reasons previously discussed.

The reason why the data were compared by two
methods requires clarification and might best be ex=
plained by an examination of figurs 5. It will be
noted, upon comparing the histograms for any one ex;
periment in this figure that two types of change occur
in their patterns; one is an alteration in the shape
of the histogram and the other is an increase or de-
crease in its over~all area. This wou_ . seem to ine
dicate that not only do fluc;uations occeur in the
relatively narrow range of frequencies integrated by
any one channel but also that fluctuations occur
simltaneously over a number of channels as the anima.l
changes from one stats to another.

The histograms opposite ths ™numarical®™ scales

g9



9u

TABLE 7

Percentage of TMA response for post=injection increases over
alert control valves for analyzer channels 1, 2 and 3.

EFFECTIVE
DRUG DOSE CAT CI-2 CAT CI-4 CAT CI-5
S n_ﬂﬂ !_gg) ARELA RATIO AREA RATIO AREA RATIO
™A .01 100 100 100 100 160 100 °
D, .01 30 120 67 55 32
MMDA 04 2, 30 7 ‘3 27 28
DMA 04 17 12 6 1 12 3

MESCALINE .08 11 17 A "2 11 7




in figure 5 depict changes in both area and shupe; the
calculations made by the first method, and listed
under the "area® columns in figure 6, were taken fronm
data similar to that i{llustrated in this type of greph.
Alterations in area have been eliminated from the
histograms appearing opposite the "percent® scales in
figure 53 this was ‘accomplished by expressing the

' activity in each channel as a percentage of the total
activity in all channels. Changes of frequen;:y wiihin
the individual chamnels of the analyzer are exmphasized

by this type of presentation and data similar to this
vere used to make the calculations in the second.
method which appear under the "ratio® columns of rig;
ure 6.

No .preference can be given to either type of
data treatment since nothing at all is known concern-
ing tho complex interrelationships of {requency and
energy level changes which summate to produce the pat=
terns of electrical activity which we can observe in
the brdn; The data ware tabulated by these two
methods in the hope that at iust.om of them would
yield consistent, quantitative results in all three

experimental animals.

4. Conclusions .
It can be seen by inspection of table 7 that the

results obtained with Cat CI-4 did not agree closaly with



those from Cats CI-2 <.d CI-5. This fact eliminates the
possibility of making relatively sharp quantitative com=
parisons for potency among the various test compounds.
The data, however, will apparently support the following
. conclusions:
.{1) TMA and MDA are the most potent compounds in
" this particular series of amphetamine derive- "
tives for producing hypersynchronous, slow_
wave bursting activity in the brain of the
conscious cat. TMA appears to be more active,
in this regard than MDA.
(2) DMA is clearly the least active compound.
(3) MMDA has a potency somewhere between that of
TMA and MDA on one hand and DMA on the other.

(4) The reference compound mescaline has a potency

similar to that for DMA.

(5) The reference compound ampbetamine does not
produce hypersynchronous bursting at the doses
'If.oated.

~ While these experiments did not yield the consist-

ent quantitative results which were desired, they did suc- |

ceed in ranking the test compounds in a fashion somewhat
analogous to what is known concerning their relative po-
tency as hallucinogenic agents in man. TMA, for instance,
" 48 known to be more active than mescaline in man and ia
the cat it was also clearly more potent thaf the latter

]



drug. Thke magnitude of differences varied between the two
conditions since in man TMA is approximately 5 times more
potont than mescaline while in the cat it is at least 10
tizes more acilve. D4, in cne experiment, was reported
1o produce hallucinations in man 2% 2 dosc which would be
comparable to that necessary for TMA and the two compounds
2lso bave similar degrzes of activity for eliciting hyper-
synchronous bursting in the brein of the cat. D¥A pro-
duced halluecinatory phenomena In one sbhizophrenic paﬁient
at a dosage level which would also bz clective for mes-
cglire and in the cat these two compounds showed a similar
potency for producing bdursting activity. thaile 20 infore
mation is avallable concerning the hallucinatory activitf
of MMDA, it has been judged to be less then one-helf as
active as TMA for producing threshold central elfeets in
man and in the cat MDA is clearly the less active con=
pound of the two. Amphetamine is not considered to be a
hallucinogenic agent in man and it did not produce hype;-
synchronous bursting activity in the brain of the cat.

The similarities between the two situations indi-
cate that some empirical relatiohship'may exist between
the ability of these compounds to produce hypersynchronous
bursting activity in the brain of the cat and their abil=-
ity to produce hallucinatory phenomena in man although
" more data concerning the eifects of these drugs 1n.both

- _as

species would be necessary 10 defino this rclcotlionship
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clearly.

D. COMPARING ITHE RATIOS OF PRE-DRUG 20 POST-INJECTION EFFECTS DURING
A CLASSICAL CONDITIONING PROCEDURE
1. Introduction

An adversive conditioning procedure was cmployed in

tals phase of the investigation into the effects of the

~ amphetanine derivatives on ongoing brain electrical active
ity in the cat. It was underteken with two goals in mind.
Tho first of these was to producs, if pocsilis, . -
tively uniforn state of alertness in the experimgntal ani=
mals which should have resulted iﬁ a nore stable EEG pate
tern and hence in & less veriable aralyzer control record
against which drug effects cculd be compared. The second
objective was to discover what effects, if any, the test
compounds migﬂt have on the electrical manifestations of a .
classically conditioned alerting response.

The attempts to préduce a wmiforn degree of alert-
ness in cats was only partially successful. The decision
vas made to use a blast of air as an unconditional alert-
ing stimulus rather than the more commonly employed elec-
tric shock. This decision stemmed from a desire to elinm-
inate blocking of the electronic recording instruments
which often occurs when electirical current is caused to

. flow in the experimental animal. The initisl concept was
to deliver a single sharp :suff of alr to the back of the
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"+ animal's neck via a Tygon tube affixed to a modified har-
ness. One cat (CI-6) was tested under these conditions.
+ It rapidly becars spparent that this procedure wonld not
' serve t0 keep the animel alert since the cat very quickly
learned that the best way to aveid the air blast was to
lay down and pull its head to one side. This posiiion wes
similar to that often adopted while sleeping and the ani-
mal often proceeded to do just that. | . |
A .mrther zmodification of the air delivery system -
vas tried; rather than one tubs fastened neaxr the x:idl:'.:‘.g,'
_. s pair of tubes were placed more laterally on either side .
of the immou. In addition to this bilateral placement
" the orifice of each tube was considerably reduced by ‘
cementing in a section of rigid, small dismeter, plastic
tubing. Cat CI-6 was again tested using this modification

.. but 4n spite of enough air velocity literally to blow fur- -

. off the animal, it again experimented until it found a
“', .. ’ . relatively "safe,” curled position and proceeded ox;co zOTe
o togo'toalup. | | E
| A thnwd modification of the system was undertaken
vhen tho notion of "flapper® tubes was oonceived. The .
 "flapper® tubes vere 14 ca. lengths of soft, flexible,
rubber tudbing baving an internal diameter of 1.5 mm. and a
. vall thickness of 1.0 zm. They were cemented firmly into '

* the ends of two lengths of Tygon tubiag which bragchod off
. from a glass "Y" tube, tho 9ther end 62 which was connect=

(AR Y]
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ed through a long length of Tygon tubing to a source sup-
plying compressed air at 90 1bs./in.2. This apparatus was
fastened to the cat by slipping the short lm of Tygon .
tubing, with their attached "flapper® tubes, through the
loops of two leather thongs laced into both dorsal straps
on each side of an ordinary small animal harness. The
tubes ;:ere inserted thrbugh these loops and the thongs

vere pulled firmly through their lacings so as to secure

the Tygon tubes to the Meaa. This positioned the
"{lapper® tubes so that they hung limply down each side of
the cat's neck. When air was delivered to this system it
caused the "flapper" tubes to flay violently about with
the generation of considerable nolse. Since the cats .
could not escape the violent, noisy action of the tubes
regardless of what position they adopted the system, at
least in the initial phases of the experiments, was suo-
cessful in producing the desired bohavioxfal and electrical
alerting. - |
Erocedure

Three cats with chronically implanted electrodes -
vere u;od in the study; two mlei ard one female. These
animals t;oro classically conditioned in an dv&aivo iitu-.
ation which involved pairing a 3000 cycle per second tone '
(cs) with.l "flapper® tubs air blast (US). The CS was

" presented to the animal for 5 sasconds prior to the US und

then both remained on for ons second prior to teminating:



together. The intertrial interval was fixed at one minute.
During testing procedu.r@a the animals were housed in a
Lehigh Valley Company, sound attonmﬁod, recording chamber
which was equipped with a one-way mirror.

For a pericd of several days the cats were given a |
gseries of CS-US pairing. All Qery quickly established the
conditioned response (CR), which was defined as EEG "glert-
ing" or "“desynchronization® upen presentation of the CS |

alone. The CR was accompanied by certain behavioral m- .

festations which will be more fully described later.

. Once the CR was well established, the animals were
put on a {ixed ratio-varisble interval conditioning schod-‘
ule in which the CS was rendomly paired with the US for
one~third of the trials. ' |

The experiments to determine the effects of the

amphetanine derivatives, and the two reference compounds,
mescaline and amphetamine, on the frequency distridbution -

and conditioned alerting response in the EEG of the cat
wvere carried out in the following manner:
The animals were placed in the recording chamber

after being "hooked=up™ to the air delivery and electrical

reocording systems and were allowed at least 30 minutes to
become settled in this environment. The recording instru-
nents were started and a series of 2, CS presentations '

‘were given. BRight of these were paired with the US in a

random oxder. The cat was then injccied iautraperitoneally

97



3.

vith 2 ml. of a solution containing either NaCl at .04
nM/kg or one of the test compounds in doses from .005 to
«08 mM/kg. A period of observation was begun during which
any drug induced changes were noted and recorded. At that
point in time, following drug administration, when the
analyzer record showed obvious and relatively stable

shifts, the series of 2, CS presentations, with random US - .

pairings, was again repeated. In the event that no dori; :
nite analyzer or behavioral changes were observable, tixe

second set of trials was started between 30 and 60 minutes
post~injection. Ths analyzer record ran continuously dur=

" ing the entire course of the experiment but the EEG was

taken continuously only during the two series of 24 trials.
The three cats were tested on the same days with 2/ hours
elapsing between each session. The sequence of their

appearance on any given day was systematically rotated and -

the saline and various drug doses wers given in random
order. A total of 17 experiments were conducted on each
animal, ’ .
Electrode Placements

Sat CI=6

Male, short haired, black and white weighing 3.4 kg.

The electrodes are caloulated to lbo u‘tho following loca~
tions (Jasper and' Ajmone=Marsan): N
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AREA ' - STEREOTAXIC COORDINATES
Left dorsal hippocampus Fe 4.5 L5 7.5
Right midbrain reticular formation R+ 3.0 L3 He%.0
Left diagonal band of broca : Fr 16.0 L3  H=4.5
Right caudate nucleus F+ 17.0 L5 5.0
Cortical electrodes were placed bilaterally in the frone-
tal, parietal and occipital areas.

gat CI=7
Male, short haired, orange tiger weighing 3.4 kg.

AREA STEREOTAXTC COORDINATES
Lest dorsel hippocempus C R 45 L5 BT

Right midbrain reticular formation M 3.0 L3 H-1.0
Left diagonal band of broca B 16.0 13 HedlS
Right caudate nucleus "+ 16.0 15 B+5.0
Cortical electrodes were placed bilaterally in the fron-
tal, parietal and occipital areas.

Cat CI-8
Peuale, long haired, black and tan weighing 3.2 kg.

AREA . STEREOTAXIC COORDINATES
Left dorsal zﬁppocmu. .- B 4.5 L5.0 B7.5

Right midbrain reticular formation Fe 3.0 13.0 H~1.0

Right n. medialis dorsalis ' :
of the thalamus ' Fe 7.5 L2.5 Be3.5

" "Left lateral geniculate body B 7.5 L10.0 He2.5 .
Cortical clectrodes wers placsd bilaterally in the fron-

tal, parietal aand oceipital areas.
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Results
2) The Conditioned Response vs. The Test Compounds

Cat CI~6 did not develop a satisfactory condie

tioned alerting response. One reason for this might

have been the previous experience which this animal
had with "ineffective" air delivery systems (see
Introduction, this chapter). The tone would usually
produce EEG alerting for sevoral trials following a
CS-US pairing but if the rendem order dictated the
occurrence of more than 2 or 3 consecutive, unrein-
forced CS presentations the C2 would often fail to
appear.

Cat CI-7 developed a conditioned alerting re-'-.
sponse quickly. As the experiments continued, however,

~a degree of adaptation occurred. In the later ses~

sions, the CR would occasionally fail to appear if a
relatively long series of unreinforced CS presenta-

' tions were given.

Cat CI-8 also quickly established a conditioned
alerting response. Unlike the other two animals no

ad;ptation occurred and the CR remained constant dure

ing the entire series of experiments.

The effacts of TMA on the conditioned alerting
response are depicted in figure 6 and can be taken as
typical for ths activiiy ol the other three ampheta- |

mine dorivatives as well cs for mascaline. It will be
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noted that under control conditicns, the EEG record
demonstrates low voltage, fast activity extending well
beyond the CS interval. Following administration of
TMA, however, the typical hypersynchronous bursting
response produced by this compound interrupts the
initial desynchronization produced by the €CS. In a |
sambar of cparinants thi bursts )
nounced followinz termination of the CS. This can be
seen, to some degree, in the record for CI-6 in figure
6.

Ia gencrzl, tho dizmipiion of the conditioned
alerting responcs wes, to scme extent, dose related.
This was true in the sense that edministration of
larger amounts of a ziven ageant would often produce
this effect in a gZreater percentage of trials. Com=
plete failure to show any alerting of the EEG was com= R
paratively rare, although it was seen on occasions. |

Since amphetamine did not result in hypersynf
chronous pursting but, on the contrary, produced
faster frequency, low amplitude "alert" patierns, no
such phenomena as depicted in figure 6 was observed
following its administration. '

.The behavioral manifestations of the condition-
ed response, as opposcd to the electrical desynchroni-
zation of the bruin, chowed considersblc variatioﬁ D

tween individuzls as woll as veriaticns in oo .
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These records illustrate the conditioned alerting response in 3

and after the injec~

unanesthetized and unrestrained cats bef

tion of .02 m. mol. / Kg. TMA,

The CS Interval is indicatcd by the elovated segment of the lower,

horizontal lina.

Figure ¢
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aninal during different experiments. For instance,

during the control periods Cat CI-6 would usually dis-
Play no observable response to the onset of the CS and
Cat CI=7 would often respond with only slight move- |
ments of the head or ears, elthough it would occasion-

. ally orient its attention toward the speaker. Cat

CI-8, on the other hand, quickly edopted a complex
reaction pattern which became almost stereotyped dur-
ing the course of the experimants;' this animal would
characteristically crouch at the onset of the tone and

. pull its head around to one side keeping its chin as
. dow to the cage floor as possible.

The reaction of the cats to the US (air blasts
delivered through the flapper tubes) during the con-

trol periods also varied to some extent. The two male °

aninmals, CI-6 and CI-7, would often bear the ordeal
stoically and merely close their eyes and flatten
their ears, while the female, CI~8, would usually move
her body back from her crouched position and then
*meow™ and rise briefly to her feet.

" The bebavioral patterns exhibited to the CS and
US following injection of the test compounds was like=
vise oomplex and variable. About the only conclusions

. which can be drawn concerning these effects is to say

that in general the drugs tended 0 ;nhance bghavior

.. responses to the CS and diminish those to the US.
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This phenomenon is best illustrated by describing a
typical reaction of Cat CI-8 to higher doses of the
more potent drugs in this series. This animal, as
previously mentioned, had developed a more or less
stereotyped, behavioral CR and showed quite a marked
reaction to the US. Following administration of the
drugs presentation of the CS would usually elicit a
more vigorous "crouching" behavior which was accoh-
panied by what appeared to be repeated "hissing® ré-
actions. The cat would often begin retreating before

. onset of US but when the air hit the flapper tubes

she would paradoxically stop and look about in a
startled fashion as the tubes flayed about her head;
she often did not appear to be as disturbed by their

action as during the control sessions. This gomrai .o

phenonenon was also reflected in Cats CI-6 and CI=7
but to a less dramatic degres.
Amphetamine usually produced considerable motor

activity in the experimental animals although it more

often took the form of rapid and continual head move-
ments from a sitting or crouched position rather than
general locomotion. Presentation of the US and CS
usually did not alter this picture. The othcrl com=
pourds in tho‘ series usually resulted in relative im-
mobility during the intrairial intervils wiik in-

_oreased activity after presentatici of the CS. There
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vere exceptions to this, especially with Cat CI-6.
This animal often became quite excited following drug
injection, although this behavior apparently did not
ocour with any specific compounds nor did it sppear to
be dose related. For instance, following administra=-
tion of .0, mM/kg mescaline the animal became so
hyperactive that electrical recording became very A
difficult, although such a response was not seen with
either .02 or .08 mM/kg of the same compound. .
Quantitative Estimates of Relative Drug Potency

As previously mentioned, one of the original
objectives of the classical conditioning procedure
employed in this investigation was to produce a e'on-'.
tinuous state of alertness in the animal. This would
bave resulted in an EEG pattern largely devoid of low

frequencies which would bave provided a relatively

stable base 1ine for comparing drug induced hypersyn-
chronous bursting activity in the various cats. Since
this goal was only partially realized the pre-drug EEG
eonfdmd .variablo amounts of low frequency waves

which to some extent made tho’ comparison of the pre-

and post-injection frequency distributions more diffi-
oult. An analysis of variance was performed on the

d&.a .tao establish the statistical significance of
certain drug induced changes and to separate the vari-
ation .duo to different experinients, different drugs,



different doses of the same drug and different chan-
nels of the {requency analyser. Each experiment
served as its own control and the analysis was per-
formed on the ratio of the amplitude in each channel
after the drug to the amplitude in the control period.
These results are presented in tables 8, 9 and 10.
Significant differences were found between channels,

.drugs and doses of each drug in both cats CI-7 and

Cl-8. However, no significant differences were toﬁnd
for these parameters in cat CI-6. This animal, as vas

previously discussed, did not develop a satisfactory
CR and for this reason remained drowsy during the con~'

trol period a greater percentage of the time. This
drowsiness introduced high voltage, slow wave activity

_1ntothocontrolreoordvhichhndcundoncytomali~‘ :

the drug induced hypersynchronous bursting activity

ocourring in the same frequency range.

A number of interactions proved to be hiéhly

significant. The linear regression of both drugs on

channel number and doses on channel number (indicating

‘& linear regression on the logarithm of the frequency)

vas significant in all cats. The linear regression

ooefficients (a) were calculated snd are presented in
table 11. Since the linear regression on channel mum~
bers was significant the potenay of each drug could be
estizated {rom the slope of "a"}'ﬁ_whoa plotted against -

106
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dose. This slope wvas estimated for esch drug as a
linear regression Mficimt and the results are
summarised in teble 12. '

In addition to linear regression, quadratic ro-,
gression on the channel nunbor’c‘tor both drugs and |
doses vas found to be significant for cats CI-6 and
CI-8. 1In cat Cl=7 significant quadratic regression

“was found for drugs but not for doses. No specific

explanation can be offered for this divergent result

- 4in cx-.v although it probably reflects random variation.
On pooling the components for quadratic regression for

all three cats this factor was found to be highly sig-
nificent (P = 5.85, n, = 27, ny = 135, P = { .001). -

The hypersynchronous bursting activity produced
by the test compounds had a frequency range which cor-

responded to the band pass for the first three chan~
nels of the analyser and these channels were previcus-

, hwtoecupmtboncuutyotmhatmtmda:

(section C of this chapto;'). In order to have a cor-
responding analysis from the current experiments the
relative drug sctivity at channel 2 vas calculated by
determining the regression of the mean slope on the
donofthadmatchmlz.tro-'mnucnd
quadratic regression ooefficients ‘pooled for all three
cats. These results appear in table 13. '

1M1



TABLE 12
. Slopq Comparison by Drug Dose

Cat CI-6 ~ Cat CI-7 Cat CI-8  Mean
Polntive Percent Relative Percent Relative Percent Percent

| Drug  Actdwity _TMA Activity _IMA_ Activiiy _TMA_ _IMA

T 9.5 100 6.6 100 2.6 100 100

oA 52 5 4ol 62 3.0 15

WOA 2.7 26 5.8 88 2.0 m

. 0.5 5 05 8 .06

Mesoaliseld 15 19 B 04 35 2

-
. “
| B o
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{
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.
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TABLE 13
" Mean 8lope ‘at Channel 2

REGRESSION OF
' MEAN SLOPE
MEAR ON
DRUG DOSE SIOFPE ~ROSE OF DRUG DERCENT TMA
m 001 -om 160‘ lw
002 '086
o 0l -anm C1a % - ,
002 -0216 h .
' OA 01 =05 3.8 2 .
' 02 =047 | :
Ok =72
DA .02 +.01 11t w0
.0‘ '-0086 ’ '~
‘.08 -0135 :
MESCALINE .02 = +.103 12 7
.Ol. -ow
o“ -0130
SALINE - +.057 - -
= =00 - -
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Longlusions
a) The Conditioned Response

The particular air-blast technique used in
these experiments was not fully adequate in sustaining
the conditioned alerting response. In order to real- |
ise the original goal of keeping the cat in a constant
state of alertness a more adversive stimulus than that
employed would evidently be néceuary.

The CR usually interrupted drug-induced hypere
synchronous bursting in the electrical activity of the

. brain of the cat but this effect was often only momen-

tary and bursting would again sppear prior to termins=-
tion of the CS. This effect had a degree of inverse
ocorrelation to dosage level since less "CR break-

through® would generally ocour following injection of '

greater anocunts of the test compounds.

Behavioral manifestations of the CR were ap-
parently increased by the test compounds and the im-
pression vas gained that the CS became more adversive

“ to the cat; on the other hand, adversive reactions to

the US seemed to be decreased by these drugs.

. b) Quantitative Comparison of Drug Potency

An inspection of table 12 will reveal that ap-
preciable variation occurred in the relative activity
of the amphetenmine derivatives between the three cats

....as calculated by the slopes of the linear regi-easion'. _
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coefficients on channel numbers. This fact makes a
close quantitative comparison unrealistic but the data
vill support the following oconclusions: ‘
(1) TMA and MDA are the most potent compounds with'
o probably being the more active of the two..
(2) DMA is the least potent amphetamine derivative

in this series. , . I

(3) MDA has an activity which falls somewhere

| between these extremes.

(4) The reference compound mescaline has a potencyv '

vhich is more similar to DMA than the other |
axphetamine derivatives. _ ‘

When considering the regression of the mean

slope on the dose of the drug at channel 2 (table 13)
similar relationships to those discussed above are e~

vealed. It will be noted that mean slopes at channel

2 appear to be dose related. This appears in contrast
to the linear and quadratic regression coefficlents in
table 11 which were calculated from all 8 channels of

the analyser and show less consistent relationship
* with dose. The current oxporimnto, in vhich the ani-

mals were subjected to an aversive conditioning proce=
dure in an attempt to maintain a consistent pre-drug -
state of alertness, ranked the compounds in a fashion

analogous to that for the first 3 ‘cats where the d;rt

..state vas maintained under direct 'obnrvatibn 'and o

LA Bes

i
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manipulation by the experimenter.

Alphotmim,' while producing a number of sig~
nificant changes in the frequency distribution of the '
cat EEG, resulted in patterns essentially opposite to
those elicited by the other test compounds since it
generally produced a decrease in the lower frequencies
and an increase in the higher ones fote the lpooitivo
linear regression coefficients for amphetamine in
table 11). | '

None of the 6 saline control oxporiuntl pro=-

_duced any significant changes in the frequency distrie
bution. '

The relationships between the troquonq w: )
in the brain of the cat, as observed in these experi-

" ments, and the hallucinogenic potency of the test com=
pounds in man were essentially similar to those previe
ously discussed in part D, section 4 of this chapter. .

E. COMWON DRUG EFFECTS IN UNANESTHETIZED CATS EMFLOXED IN IHE
ANVESTICATION OF BRAIN ELECTRICAL ACTIVIIX

1. lvpersynchronous Bursting Actlvity
Chronically indwelling bipolar electrodes were cale

culated to be situated in eight subcortical sites which

H

included the dorsal hippocampus, midbrain reticular forme-
tion, smygdaloid area, septal region, nucleus medialis .
dorsalis of the thalamus, diagonal band of Broca, head of

oo~

ot - PPN . ——— - v eeoa -
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" the caudate nucleus and the lateral geniculate body.
Cortical electrodes wers placed in the k'rontd,
parietal and ocoipital areas of the skull.
None of these placements was checked histologically.
Pollowing injection of sufficient doses of mescal=-
ine and the four phenyl substituted amphetamine deriva-
tives hypersynchronous bursting activity vas seen, to a
- varying degree, in all of these brain loci. In general, |
the subcortical electrodes exhibited this phenomenon more .
. clearly and with larger amplitude than did the cortical
. leads. Of the eight subcortical sites examined only the
amygdaloid area and head of the caudate nucleus wers rele-
tively deficient in this regard. o
The septal region and reticular formtién place=-

ments, as a general rule, showed particularly clear hyper~

m@wm bursting. The dorsal hipi:ocmpal electrodes, )
while occasionally appearing less sensitive than other :
areas, frequently exhibited distinct bursting folloving ;
drug injections. The nucleus dorsalis medialis of the ‘
' thalamus and .tho diuomi band of Broca also showed clear ,
buroting activity on most occasions. |

' There were, of course, many exceptions to the
¢omrd‘1lpmaiom given above and variations were ob-
~ served in the responses of a given animal to the different
* drugs as vell as betveen cats to the same compound. Be-
. cause of the wide distribution of drug-induced hypersyn=. .
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chronous bursting activity in the brain, a histological
verification of oloctrodo placement was not undertaken.
For this reason no precise information is available con=
cerning the possible relationship of anatomical location
to observed variations in drug activity.

There vas apparently a fairly consistent difference
in the frequency of the hypersynchronous activity produced
by mescaline and that produced by the four amphetamine '
derivatives. Mescaline injected in sufficient amount was
usually followed by 12 to 14 cycle per second high ampli-

tude bursting in the form of sharp waves. The amphetamine .

derivatives, on the other hand, resulted in trains of .
slower, high amplitude activity between 4 and 7 cycles per
second vhich were more sinusoidal in shape. Figure 3 |
clearly demonstrates this effect in one animal.

The ability of mescaline and the four amphetamine :-

derivatives to produce high-amplitude, low frequency
hypersynchronous bursting activity in the brains ot' con=
scious and unrestrained cats is a very real phenomenon. '
These mnu have shown this effect to be dose re-
lated for any given drug, and in addition have shown that
the various ocompounds in the series vary in their potency
for ju'odncing it. ' 4 :
Difficulties in obtaining quantitative 1ntomtionf

* on comparative activity stemmed from at least two known
. sources; one instrumental and the other from an inberent
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similarity of certain intrinsic brain rhythms to drug
induced bursting activity.
o 8ince the basic unit of measure in these experi-
| nents was the histogram produced by the write-out eircuit
an eight channel frequency analyser, the results are de-
pendent upon the reliability of this instrument. Once -tho.
"trouble-shooting” period had passed ii is felt tbat vari- ‘
ations from this source were minimal. However, cne cone
stant source of error was present throughout all of th‘o
tests. Artifects introduced into the record through move= -
ments of the animal vere never fully controlled. An
atteapt was made to do 8o and although it vas partially |
successful more effort should have been expended in thi'o.
regard. This is particularly trus in view of the fact ‘
that both drug induced hypersynchronous bursting and move-
ment artifact appeared as slovw wave, high amplitude activ- '
ity to the frequency analyser. Fortunately, all of the |
. test compounds, except amphetamine, often resulted in
marked roduct:lon of spontaneocus -onﬁont and thus error
from thh source vas probably of much less significance .
than 11'. might have been.
~ Another instrumental difficulty arose from the fact
that the analyser was oconstructed with the frequency re-
sponse of its channels fixed instead of variable; had it
* been possible to "tune-in" on the frequency of the drug
—..induced bursting sharper results might have been attained.

\
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Such a modification is now being contemplated.

Another difficulty encountered in these experiments
has previously been discussed (section C, part 3 of this |
chapter). The frequency of the drug-induced brain elec~
trical activity corresponded to normal brain rhythms oo=
curring when the animal was drousy or in certain otms of
sleep, although a major difference in the reguh.rity of
the two patterns made it simple to distinguish them vhen '

comparatively high doses of the drugs were used. Undox;
circumstances of high dosage, the varisbility of the min=

ute to minute analyzer patterns was much less following
_ the drug administration than during periods of drowsiness,

ard in addition, the animal appeared obviously "alert." '
When working with threshold doses of the test compounds
the situation becams more difficult to interpret and slow
wvave contribution from drug activity became easily con- |
founded with similar, naturally occurring frequencies. As
previously described, various environmental manipulations
vere resorted to in an attenpt..to ovofeom this diffioculty

and keep the animal continually alert. Classical condie--

tionink with a truly sdversive unconditional stimulus
could possibly have resolved this problem.

| The placement of electrodes in all probability ine |
fluenced the results to some extent even though the hyper-

* synchronous bursts appeared widely distributed in the
... brain., No attempt was made during these 1nvostigétiong to
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elucidate this problem of varying responses from electrode
pPlacement although the importance of doing so is recog- '

- nised.

Qbserved Phvsiolosical and Behavioral Chanzes

In the relatively large mumber of individual ex-
periments conducted during the course of this investiga-
tion, the variability of response mentioned above in dis- L
cussing hypersynchronous 'huroting also applied to drug ine

duced behavioral and physiological changes. However, in

spite of these differences, certain common characteristics

in drug effect seem to rise above the background "noise= .-

level" to the point uhere they can be discussed in terms

of "general phenomena." 3
The ability of these compounds to produce what

appears to be a behaviorally "alert" state and the various -
. "staring” and "hissing” reactions which accompany it have

been previously discussed. Concomitant with this "alert" .
state the cats were often paradoxically immobile following -
the injection of mescaline and the amphetamine derivatives.
In a mumber of experiments these animals vould maintain
one attitude for several hours. As mentioned previously,
the most common position was prone with the limbs extended
and the head held rigidly upright. '

In keeping with the general nature of their molecu~
lar structure a number of peripheral effects of these

drugs appeared sympathomimetic n_i_mt\'iro. Effects of this

LR MR L
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‘¥ GENERAL DISCUSSION AND REVIEW OF IHE LITERATURE CONCERNING THE :

type included mydriasis, piloerection and the flow of
thick, viscous nliv... In addition, hyperpnes, urimltion,
defecation and vomiting were often seen.

TMA, MDA and MDA generally appeared more potent in

producing sympathomimetic reaction that either mescaline o

or DMA. Mydriasis was the most consistent effect observed
vith the first thres compounds vhile mescaline and DMA |
elicited this response only in the higher dosage ranges.
Although a number of these peripheral effects nppoarod.

sympathomimetic in nature it will be recalled that in the
atudies on the transcallosal evoked potential only MDA .

proved to be a pressor agent in cats. ‘Mescaline and. the
other three amphetamine derivatives caused marked falls .

in blood pressure.
Mescaline vas the most potent emetic agent in this

 series of compounds and also resulted in a higher inci-

denoe of defecation.

Marked hyperpnea was a common observation, pu-ucu- )

larly following tho injection of larger doses of TMA, llDA,
and MDA; in some instances the respiratory rates rose '
well above 200 per minute. "

. BEFECTS OF MESCALINE ON SPONTANEOUS BRAIN ELECTRICAL ACTIVITI

1. ,mmn

The hnnucinozonic agont lysergic aoid dioﬂvlnido
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(LSD) produces effects very similar to mescaline but has a
potency which exceeds the latter compound by at least 3000
to 4000 times. Probadbly because of this significantly
greater potency, LSD has been investigated more extensive-
ly tﬁan mescaline in recent times and a large amount of
literature exists concerning its effects. A. There is some

evidence that the two compounds may act on similar central -
" mechanisms. Szara (1957) pointed out that “equivalent"

doses of mescaline and LSD in man produce central phonén- .
ena which are very similar and seem.to differ mainly in
their time course (mescaline is slower in onset and has a
longer duration). A more recent article by Hollister and
Hartnan (1962) confirmed these observations when they r'o;
ported that under carefully controlled conditions of dos-

age and environment mescaline, LSD, and another hallucino=-

gonic agent psilocybin, elicited very similar subjective

and peripheral effects in man. They concluded that thess
‘three compounds "may have common mechanisas of action

despite thoir_ chemical differences.” "Cron-tolormoo
phenomena have been demonstrated in man between LSD and
mescaline (Balestrieri, 1957; Balestrieri and Fontanari,
1959) and similar cross-tolerance has been seen in rats
(Preedman, Aghajanian and Ornits, 1958). Rinaldi amd
Eimvich (1955¢) investigating drug induced EEG changes in .

. thobrdnorthonbbitautodmtl.snmduacm»pro-
. duoed 'practicany identical effects.* == _..mf
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In spite of the above evidence for a common nqda of

action with mescaline, the vast literature on LSD will not

be separately covered in this thesis; the compound will
only be mentioned in conjunction with those publications
in which both LSD and mescaline are investigated. The

reasons for this are twolold; first, LSD was not employed

in our studies and thus we have no experiusntal point of
reference for discussing it; and second, we are not at-
tempting to extrapolate the results of our investigation
to include hallucinogenic compounds in general. Such an
extension of the work could be considered a desirable gon
but at present no at.tupt has been made to 40 so.

Of the six members of our test series only thrco"
‘compounds have been investigated for their electrographic

effects by other laboratories and two of these three drugs °
(amphetamine and TMA) need not be discussed in any detail :

at this time. The EEC effects of amphetamine have been
‘mentioned in mumerous papers all of which report the pro-
duction of an "alert" pattern in the brain consisting of

low uplitﬁdo. high frequency electrical activity (Bradley:

and Elkes, 1957; Bradley and Key, 1958; White and Daign-

eault, 1958). These cbservations are consistent with our;

f£indings in the conscious cat. Only one report was found ' -

ooncerning the effects of TMA on brain electrical active

*. dtys Perets, Smythies and Gibson (1955) stated that 1.0-

it ewae e

LY ARAR NG ing &

1.2 q/kg did not significantly alter the EEG pattern in

.
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. electrical record from the brain of the unsnesthetized
" . ocat, following administration of mescaline and the mes-

- 1eled our own, Bradley and Elkes '.(1957) stated that mes-

_ large amount of "rkvthnic vaves at 4~6 cycles per second" ’

125

man. These resulis are not consistent with our experi-

ments in the conscious cat where TMA, in comparable doses, '

‘. vas observed to produce marked hypersynchronous bursting

activity in the EEG.

Except for amphetamine, the only member of our tes§ .
series of compounds which has been investigate.d to any ex-
tent for its ability to alter spontancous brain eleotrical: .

_ - activity is mescaline. This drug will be discussed below .

. in some detail.

mms&m.swmm_m

The most characteristic change ‘we observed in.the

" caline=1ike amphetamine derivatives, was a high mpli’t}::io, o
low frequancy hypersynchronous bursting astivity vhich ve © -
 have-mentioned many times in this chapter. A mmber of

“ .. articles in the literature have roportod similer phonomu

following mugdino administration.

-In an invutigation vhich in many respects paral- ' .
caline in doses of 10 and 25 mg/kg resulted ia no change ‘
in the EEG of conscious cats although 50 mg/kg produced a '

rooordod from all areu of the cortex. Ia our oxporinenti

-_.._.vo routinely observed a similar phonomon with doses ot

..\"_.;'o e Y )
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04 mM/kg (spproximately 11 mg/kg) although this amount
corresponds to a dose Bradley and Elkes found to be essen~
tially inactive. The major difference between the two

" experiments vas that they recorded exclusively from oore

tical sites vhile we also monitored deep structures.

Hypersynchronous bursting activity, while usually diacern-f

ible in cortical leads, was more pronounced in various

subcortical sites (see figure 3); this may have drawn our -

attention to the fact that it was occurring in the ocortex
at the lower dosage ranges. Bradley and Elkes also re- :
ported that LSD produced a 4=7 cycle per second mr.ui:g
activity.

Rinaldi and Himwich (1955¢) working with oomciou’s.,

but curarised, rabbits found that 10-20 mg/kg of mescaline
injected intravenously caused an "alert" pattern with low.
. voltage, fast activity in the cortex and also produced a
4~6 cycle per second rhythmic activity in thalamic sites..

" LSD at 10=15 micrograms/kg elicited similar effects and

- a1s0 capable of blocking the reaction. This "alerting® or

-

Frenquel (alpha-4-piperidyl benshydrol hydrochloride) at

12-2/, mg/Xg blocked both the mescaline and LSD reaction
vithin 2 to 10 minutes. The "alerting" produced by mes-

caline and LSD was mentioned by these authors in another o

publication (Himwich and Rinaldi, 1957) where they report-
od that Asacyclonal (alpha-4-piperidyl benshydrol) vas

!

"arousal® reaction was also reported in chronically im=- ..

La GOde
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 was very small while that in the liver was at a maximum.
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planted, conscious cats by Sailer and Stumpf (1957) fol=-
lowing the injection of 30-40 mg/kg mescaline intravencus~
ly; no mention was made of slow wave, rhythmic activity |
and they likened the effect to that produced by 20-30
ng/kg of Pervitin (methamphetamine). In light of our ex-
periments these results seem surprising. |
Injecting 0.3~15 mg of mescaline directly Ainto the
third ventricle of the brain in conscious cats, Schwa.rs, |
Xhalil, and Bickford (1956) observed 3-4 cycle per so&M _
sharp wvaves from all cortical electrodes with maximal |
activity in the temporal regions; these electrical phonon-
ena ocourred simultaneously with paroxysms of ear scntcp-:'
ing and an odd yowling. In addition, long bursts of 10
cycle per second spikes were seen which alternated with
low voltsge, fast wvave activity. From the descriptions
these investigators gave of the electroencephalographic
effects of intraventricular mescaline injections one gains '
the impression that what they.were observing was, ina
sense, an m_uoratod case of what we found when adminis=
tering the drug intraperitoneally. This is of interest .
vith regard to reports by Block and Block (1952) and Block,
Block and Patsig (1952) who found that at the height of
the mescaline effect the amount present in brain tissue

* This fact, ' coupled with the long time of onset for central

[T LRI SR .
oL, e e

_ effect, led Block to speculate that the activity of mes~-- :
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caline was probably due to a secondary metabolic change.
Such a concept would seem hard to support in light of the
results obtained with direct, intraventriocular injections .
of the drug since in this situation the effects developed |
rapidly, were very intense and resembled those seen fol- :
loving more conventional routes of administration.
According to a report by Speck (1958) the con=
scious, albino rat will also exhibit paroxysmal spiking |
activity in its EEG following mescaline administration. .
Relatively high doses (200-400 mg/kg) were necessary to
elicit this bursting response; lower doses produced the
"alert" or desynchronized EEG record which has been men=
tioned 80 frequently in conjunction with mescaline. B

The final publication to be discussed stems from

Heath of Tulane University (Monrce and Heath, 1961). 'l‘hia :

investigator and his co-workers have, for the past 10 or

12 years, been investigating various physiological upom' .

of the schisophrenic process in man. Their work will be
oovered in npoéo detail in the following chapter where we
discuss possible future directions for our own research

efforts, but for the moment it is sufficient to sy that

" Heath's group believes that an abnormal paroxysmal apiking.

pattern recorded from the subcortical septal area of the
human brain shows a high degree of correlation with the

* incidence of paychotic behavior in a given subject. In

N

. somaNEy e, b

-

_their paper, Monroe and Heath report that monkeys inplmtg:
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od with electrodes in a comparadble septal region, as well
as in variou'a hippocampal sites, responded to mescaline ‘
injection of from 9 to 80 mg/kg with "paroxysmal hypersyn-
chronous activity" which was confined to the aroxl'mntion-
od septal and hippocampal structures. In addition, ﬁia
abnormal electrical activity was reported to ocour simul-
taneously with drug induced behavioral Mgoa (passivity,
_catatonio-like posturing, etec.). LSD was found to produce

similar effects. A study of mescaline and LSD in human

subjects with chronically implanted electrodes had yielded
analogous results (to be discussed below) and these two in-
vestigations are cited by Heath as support for the thogry
that abnormal, paroxysmal electrical activity in va.rious"
rhinencephalic structures of the human brain is closoiy
correlated with psychotic behavior. The inference by

Heath and co-workers that abnormal electrical patterns in .
the brain of a monkey can be related to a psychotic pro- .
cess in man naturally has considerable import for our ex-
perinents in cats vhere ve were able to demonstrate that
similar, dou.rolatod phenonena occurred following admine-

. istration of mescaline. It would be most interesting to

‘discover if our group of test compounds would show approx-
inately the same potency relationships in the monkey :
preparation as they did in the oonsciocus cat.

In sumpary of the results obtain.ed by various ia-

.. vestigators, in a number of anizal species, it could be . :
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i stated that mescaline administered in a sufficiecnt dose to
; conscious, intact animal would probably produce a type '
of hypersynchronous, slow wave bursting activity in varie :
ous areas of its brain and at lower doses EEG "alerting"” |
might occur. Our investigations in the cat contifmed the .
observation of hypersynchronous bursting but we failed to ’
- detect any marked alerting phenomena. . S «
. - 3.. The Effects of Mescsline on Sontaneous Brain Electric g;
' Activity in Man
| Electrographic records taken from the scalp of sub=
.. Jects who have received mescaline-generally do not oxhibiti
remarkable elterations in pattern although a number of
_ papers have mentioned various changes in the alpha x-hythm
(8-10 cycle per second activity). Chweitzer, Giblewicz, _
. and Liberson (1936) reported that alpha bloeking occurred : - .-
_ simultanecusly with visual hallucinations while Rubin, .
" Malemd and Hope (1942), on the other band, stated that in
- * schizophrenic subjects alpha rrequanciés were incro#sod by; |
. mescalime. Endo.(1952) found that mescaline initially im=
" creased and then depressed alpha rhythms and spike vave .
patw reminiscent of convulsive discharges were also L
observed. Denber and Marlis (1956), in contrast to Endo,
concluded that mescaline reduced or eliminated slow wave ‘
and apikiné phencmena already present in the EEG while
* alpha blocking was also reported. Wikler (1954), workisg
.. With posteaddicts, reported that na_scaiina caused 'alpha\
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* blocking in the scme temporsl sequence as visual hallu~

cinations in a number of his subjects, although some ex~-

hibited no change and one showed an increase in alpha

) .°uut’ .

While mescaline apparently produced variable
changes in the electrographic patterns from scalp elec-
trodes several reports in the literature indicate that the
activity induced by this drug in certain sub-cortical
structures is relatively consistent. As mentioned abo:vo, :

" Re G. Heath and co-workers have long been interested in
. the physiology of schisophrenia and during the course of .

their investigations developed techniques for chronically
implanting electrodes in various sub-cortical areas of the
human brain. In schisophrenic patients the electrical

‘activity recorded from certain rhinencephalic structures :

wvas found to contain abnormalities in the form of slow
wvave and spiking phencmena. Monroe, Heath, Mickle and
Llevellyn (1957) injected mescaline ind LSD into a group
of these patients and found that the abnormal electrical

activity observed in the septal and hippocampal areas be=
_came more intense and took on the form of high amplitude,

slov vave paroxysamal bursts; these patterns were said to
ocour in conjunction vith overt, psychotic behavior. A

_ year previous to this report Schwars, Sem~Jacobsen and ,

Petersen (1956) published essentially similar results in :

_..3 paychotic patients suffering from epilepsy plus 2 .

[S N ABEY
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chronic schizophrenics. Both mescaline and LSD produced
paroxysmal activity in.the schizophrenics but the nost
striking result in the epileptics was a "pronounced quiet~
ing effect bn the spike and sharp wave foci in depth re-
cordings." This observation confirmed reports by Denber
and Merlis (1956) who observed reduction of convulsive
activity in scalp recordings. '

The fact that mescaline produces a paroxysmal '
bursting activity in the brain of man which is apparenﬁy

~ assoclated with disturbed or psychotic behavior is of con-

siderable importance in attempting to extrapolate our re=-
sults in the cat to relate to the human situation. Ve,
routinely noted a similar electrical disturbance in tho'.
cat vhich was definitely related to an abnormal, almost
stereotyped behavioral pattern. These cbservations
coupled with almost identical effects reported for the
monkey (see above) lend support to the concept that parox=
ysmal bursting activity induced by certain drugs in vari- |
ous subcortical structures of the brains of sub-human
species might successfully be correlated with the produce

_tion of abnormal or psychotic behavioral responses in the

human by the same chemical agents. Considerably more data

than that which is currently available would be necessary .

to test the validity of this hypothesis.
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G. SUMMARY

Mescaline and the four mescaline-like amphetamine derivatives "

vere found to produce a high amplitude, slovw wvave hypersynchronous

bursting activity in the olectroéram from the brain of the conscious -

and unrestrained cat. In an attempt to quantify this response by
electronically filtering and 1ntegrating the altemting vave forms
into a direct current signal which could be objectively measured ' an

\/8 channel frequency analyzer was constructed.

Because of variations in the results sharp quantitative dis-
tinction could not be made but the data supported the following con-
clusions: TMA is the most potent compound vith MDA a close second.
DMA and mescaline have similar potencies which are 7 to 10 tines less
than TMA. MMDA is intermediate between MDA and DMA. Amphetamine dild
not produce hypersynchronous bursting in the brain of the cat and is .
apparently acting on different central mechanisms. There is a gross

correlation between the ability of these compounds to produce hyper- .
~ synchronous bursting activity in the brain of the cat and their

¥,

‘ballucinogenic potency in man. s v e

.
- . e e Aran o o e e oot b o - . B O R

| T L AU LR .
IR PR AN TETY]

s?

133



CHAPTER V

GENERAL SUMMARY, DISCUSSION AND CONCLUSIONS
AND SUGGESTIONS FOR FUTURE RESEARCH

A. GENERAL SUMMARY OF RESULTS
. The main objective of all.the investigations which have been
presented in this thesis was to discover, if possible, a method, or. ';
nethods, employing experimental animals in vhich the central nervous
system activity of a series of compounds having closely similar chom- |
ical structure could be quantitatively analysed so that the results
vould indicate some degres of empirical correlation to the hallucino-
genic properties of these agents 1n‘m. Three experimental proce-
dures vere employed in this search; the results of one failed to shc;w
. any oorrelation; a second indicated a partial relationship; and the
third successfully ranked the ocompounds in approximately the same. '
order as they would be ranked for their hallucinogsnic potency in
nan. ' | '
Studies on the transcallosal evoked potential in the brain of
the anesthetised cat failed to sbow:any positive correlation to the
human experience. Hucniiu proved to be the most orroctivi compound
for reducing the height of the evoked potentisl with DMA a close
second; both TMA and MDA were significantly less active. This is
almost an inverse correlation to the situation in man where TMA and

MDA are distinctly more potent than either DMA or mescaline.
 The ability of the test compounds to disrupt a condiu_onod ‘
avoidance response in mice had some relationship to hallucinogenis .

134



potency in man except in the case of amphotamine. This compound vas -

shown to be quite active in blocking conditioned behavior in mice md.
yet it is ﬁot properly classified as a hallucinogenic agent in man.
The final test in this series of experiments was the quantifi=-
cation of a distinctive electrical wave form elicited by the test ‘
compounds in the central nervous system of unanesthetized and essen~
tially unrestrained cats. The closest empirical relationships to the
hallucinogenic potency of the test compounds in man were found em- '
'ploying this procedure. The results were more variable than woul&
have been desired but it was possidble to rank the drugs in a fashion
analogous to their order of human effect. TMA and MDA were judged to
be the most active while DMA and mescaline were found to be distinct~
1y less effective. MMDA exhibited an intermediate effect and mph‘.i,-

anine itulf failed to produce the characteristic electrographic pat~

tern associated with the.other compounds.

B. GENERAL DISCUSSION OF QUANTITATIVE COMPARISONS OF DRUG POTENCY
One general difficulty was encountered throughout all experi- .
mental investigations into the relative iqtivity of this series of

compounds. The number of drugs involved (5 to 6 compounds) vas faire .

ly high. This fact necessitated performance of oonparati.voly large
numbers of experiments in order to obtain sufficient data for quanti=-

tative comparison. In such an investigation each drug in the series

may be compared t0 an arbitrarily chosen standard. This can be ao-

complished either by measuring some effect produced by equal doses of

the standard and the compound being ocompared to it or by equiting

- - Ve e ambe s cmeyems amne e
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effects 'ot the standard and unknown and comparing the doses required
to produce them. In either case, each of the compounds would probe
ably be analysed at several dose levels. The nature of the experi-
mental procedures used in these particular inveatigaﬁons made it
diffieult to handle more than one compound, and usually more than one
dose of that compourd, .dﬁring the course of any single experiment. |
This made it necessary either to use a large number of snimals or to N
“nake repeated observations on:the same subjects. '

In the investigations into synaptic transmission within the
: .CRS. the acute preparations employed could serve for only one experi-
ment and a relatively large number of animals should have been used. :
_ Dus to time limitations resulting from the fact that the work vas
conducted in a laboratory other than our owa the number of cata.en'-
Ployed vas somevhat small for meking meaningful quantitative compar-
isons among the compounds. ' . |

The experiments involving conditioned avoidance behavior iﬁ
mnice and frequency analysis of the spontanecus electrical activity in
the brains of cats relied on making repeated observations on amall
.gr.oups of animals. Th:lo_ procedure presents the oft~encountered prod=
len of individual variations in drug sensitivity. The fact that six
compounds vere involved, all of which were administered to each ex-
perimental animal, raises the possidility of differential sensitivity
to the drugs occurring within the individual as well as the differ-
| ences vhich might be expected to exist between subjects.

A possible solution to the problem of the necessity for perw
forming large numbers of individual experiments, when comparing



activities of a relatively long c.eries of compounds, would be to de-
vise procedures in which all, or most of the drugs, could be analyzed
during the course of any one experiment on the same animal prepars=

| tion. Such an approach did not seem feasible in our case when the

particuhr goal we were attempting to achieve 1s considered. Ve
vished to compare the activity of the test compounds in experimental
animals to their potency for producing hallucinations in humans. '
When certain of these compounds are given in sufficient do;ago to
produce hallucinatory phencmena in man the effects are relatively pre

tense and long lasting. It therefore seemed reasonable that definite,

intense reactions should be sought in the animal and one could assume
that such an effect would have a time course long enough to make a .‘
sequential drug analysis quite difficult. The possibilities of '

either tachyphylactic inhibition or additive facilitation would have
to be considered in any such scheme and these contingencies coupled

vith a desire to work vith definite and measurable changes precluded 2

attempts at multiple drug analysis during single experiments.

C. SUGGESTIONS FOR FUIURE RESEARCH

Of the three types of oxporinenta performed during the course
of this research the study of spontanecus electrical activity in the .
central nervous system apparently offers the most promise for estad- |

1ishing empirical relationships between the activity of this paruou- ;

lar series of amphetamine derivatives in animals and their lnnucino-

¢

gonic potency in man. There are a number of obvious oxporimnfa

vhich could be done in order to determine if this method might have
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application to psychoactive compounds in general. The effects of
other psychomimetic drugs, such as LSD-25, bufotenine, psilocybin and
ayelobexanine, vhich bave dissiniler chenfcal structures o our test
compounds, should be analyzed. Various ataractic agents, such as
chlorpromasine, reserpine, and azacyclonal, could be tested for theii
lnbnity to inhibit the observed changes in the cerebral electrogran. '

’ :Such experiments are coﬁtemplated. :
| Another approach to the general problem of finding animal
models to gain correlative information on the activity of centraliy ‘
active compounds in man stems from R. G. Heath and his collaborators;
their work has been previously mentioned in this chapter. While .
ﬁuu investigators have touched on many physiological aspects of the
schisophrenic process we would like to review briefly only a few .
facets of their work which pertains to the problem of using a sub=
buman species to study substances which are psychotogenic in man. ' '
Heath and co-workers have demonstrated, over the past 12 years or so, )
that in at least 40 schizophrenic patients an ubnoml electrical '
pattern consisting of slow wave and spiking phencmena could bo‘ dupn- '
strated in the septal, awgdaloid and- hippocampal areas of their .
brains. These deviant electrical patterns became exaggerated dnring .
periods of active psychotic behavior and wers attenuated while the
.schisophrenic process was in remission. Eight control, or non-
psychotic, subjects did not demonstrate these electrical abnormali-
ties (Heath, Leach and de Balbian, 1962). Their laboratories have
also reported the isolation of a protein fraction from the blpod
serun of schisopbrenic patients which when injected into "normal" .

-

‘
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volunteers produces abnormal "schizophrenic-like" behavioral re-
_sponses. This protein fraction, which they named "taraxein,” will

‘also produce an sbnormal electrical patteran in the septal and hippo=

campal regions in the brain of the monkey and this electrical re-
sponse is reported to be very similar to that seen during endogenous :
psychosis in patients. The monkey preparation is used routinely .by :
Heath as a bio-assay for the protein "taraxein" (Heath, 1957). As
previously discussed in this chspter, both LSD and mescaline were
found to produce the same paroxysmal, hypersynchronous activity 1;\
the brains of both the monkey and human schizophrenics with chron-

dcally implanted electrodes (Monroe and Heath, 1961; Monroe, Heath,
Mickle and Llewellyn, 1957). 1

The above observation that psychotogenic substances are cap-

able of producing hypersynchronous bursting activity in specific
areas of the central nervous system of monkeys, which is in many re-
spects similar to electrical phenomena from comparable sites in the
brains of psychotic patients, coupled with ouwr own observations of
drug-induced hypersynchronous activity in the brain of the cat, lends
support to the hope that suitable animal preparations could be de-

vised for quantitatively assaying substances which influence abnormal .

or psychotic bebavioral patterns in the human. Ve believe that such -
a tool would be auommiuontothomm:hldoruoloam;

psychiatry. -
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